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Isolation and Cultivation 
of BRUCELLA 


Preliminary Enrichment 


Isolation of Brucella strains from blood specimens is best 
accomplished by preliminary enrichment of the sample in 
medium prepared from Bacto-Tryptose Broth. For isolation 


from samples of infected milk no enrichment is required. 


Isolation of Strains 


After enrichment, the blood specimens are streaked on 
plates of Bacto-Tryptose Agar and the plates are incubated at 
37°C. Milk samples are streaked on plates of Bacto-Tryptose 
Agar prepared with crystal violet to inhibit the streptococci 


and other Gram-positive organisms. 


Differentiation of Types 
Bacto-Tryptose Agar to which thionin or basic fuchsin has 
been added is recommended for the differentiation of newly 


isolated strains of Brucella. 


Mass Cultivation 


Bacto-Tryptose Agar, prepared without addition of dyes or 
other ingredients, supports luxuriant growth of all Brucella. 
It is an excellent medium for mass cultivation of the 


organisms for preparation of bacterial vaccines or antigens. 
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LOOKS LIKE COCCIDIOSIS... 


But What Type? 


While poultrymen often think they can 
recognize cecal coccidiosis, they unques- 
tionably need your professional services 
to diagnose the various forms of intesti- 
nal coccidiosis, and acute fowl cholera. 

Difficult though the latter diagnoses 
may be, treatment can be simplified by 
using Sulfaquinoxaline. It is the one 
available product that prevents and con- 
trols coccidiosis outbreaks in chickens and 
turkeys caused by the seven most damaging 
species of coccidia. Furthermore, it also 
checks immediate mortality in acute 
fowl cholera. 


Easily administered in water or feed, 
Sulfaquinoxaline is available in solutions, 
tablets, soluble powder, and premixes 
from your veterinary pharmaceutical 
manufacturer. 


Up-to-date, authoritative 
facts on Coccidiosis Ther- 
apy are summarized in 
this booklet. It’s yours for 
the asking. 


Merck 
Veterinary 


| 
| 


SULFAQUINOXALINE MERCK 
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MERCK & CO., Inc. 


A lanufacturing Chemists 
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Vaccination for Bovine Leptospirosis 


CHARLES J. YORK, D.V.M., Ph.D., and JAMES A. BAKER, D.V.M., Ph.D. 
Ithaca, New York 


LITERATURE CITED 

Even prior to the actual isolation of bovine 
Leptospira in the United States in 1948 by Baker 
and Little,’ and its identification as Leptospira 
pomona by Gochenour and Yager®* in 1950, reports 
had been made by Jungherr,’ Marsh,’ and Math 
ews ° suggesting that the disease was prevalent in 
this country and that it was probably the cause of 
many hitherto unexplained cases of faulty lacta 
tion, abortion, or death in eattle. Further studies 
of the disease, and its description as reported in 
recent literature in turn, 
frequent and 
in this country. Bovine leptospirosis has now been 
reported from many different states and from 
Canada, although, as yet, facilities or funds have 
not been national which 
would reveal the of this disease. The 
introduction recently of an accurate complement 
fixation test by York® made limited 
survey in New York state, in which it was found 
that 4 per cent of the from 681 
cattle fixed complement. The whose se 
rums fixed complement had from the 
disease. There is no accurate indication of other 
animals in the same herds which may have had the 
disease and died, or have been disposed of because 


have resulted in 
diagnosis by 


more 


recognition clinicians 


available for a survey 


incidence 
possible a 


serums tested 
animals 
recovered 


have recovered 


ability to fix 


of unsatisfactory 
from the 
complement. 


production, or 
disease and lost the 
The disease varies in severity, and mild cases 


may pass unnoticed. Eventually, Leptospira or 
ganisms localize in the kidney’ and are dissemi 
nated in the urine. Droplets of urine containing 
leptospiras can infect susceptible animals through 
the nasal This 


found to last for periods up to three months in 


mucosa. earrier state has been 
These re 
covered animals, therefore, can spread the disease 
to other animals for at least ninety days. Within 
a herd, spread of the disease has been seen to 
infected 


disease 


animals recovered from leptospirosis. 


vary; sometimes many animals become 


and at other times the 
spreads slowly from 1 animal to another. In eon 


simultaneously, 


From the Veterinary Virus Research Institute of the 
New York State Veterinary Cornell Univer 
Ithaca 


College at 
sity, 


gested quarters, such as auctions, feedlots, fairs, 
or sales, infection could spread from only 1 ear 
rier to many other animals. As these cattle, just 
infected, are taken to new quarters, the 
could then break out eventually 
tered herds. 

Recent observations made by York,’ in an at 
tempt to results of the complement 
fixation test and clinical disease, indicated that in 
herds in which leptospirosis has been diagnosed 
60 to 70 per cent of the animals were serologically 


disease 
in widely seat 


correlate 


positive. Severe signs of illness were shown by 10 
per cent, mild fever and 
interrupted lactations by 40 per cent, while others 
showed no visible illness. Usually 5 per cent of 
infected animals died, although in some herds 25 
per cent of the younger animals died. 
tion rate reached 25 per cent in some herds, 


illness characterized by 


The abor 


There seemed great need for a vaccine 
which could serve as a prophylactic meas- 
ure against this disease. Such a vaceine 
could be used for the protection of herds 
that might be exposed and also, following 
early diagnosis, prevent further losses 
within a herd. Accordingly, an investiga- 
tion was undertaken to develop a vaccine 
which would protect uninfected, 
tible cattle against leptospirosis. 


suscep- 


PREPARATION OF VACCINE 


Since the basic ingredient of a vaccine for lep 
tospirosis necessarily must be leptospiras, starting 
material consisted of a suspension of leptospiral 
organisms. 
pathogenicity of leptospiras is lost rapidly when 
grown in cell-free mediums but is retained by cul 
tivation in eggs. This may have some bearing on 
immunization, 

The first strain of bovine Leptospira in the 
United States was isolated in 1947 from a herd in 
New Jersey.’ Since that time it has kept in con 
tinuous egg cultivation. This strain, now known 
as Cornell strain T-262, was chosen. In preparing 
leptospira organisms for vaccine production, 0.5 
ml. of chorioallantoie fluid known to contain lep 


Egg cultivation was chosen since the 
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tospiras was inoculated into the allantoic eavity 
of hens’ eggs that had been embryonating for nine 
or ten days. After further incubation at 37 C. for 
four days, the eggs were placed at room tempera 
ture for four hours, and then chorioallantoic fluid 
obtained by suction. Blood cells and other 
material were removed by centrifugation at 1,500 
r.p.m. for ten minutes and the supernatant fluid 
was decanted. This material contained numerous 
leptospiras and was used in all of the vaccines 
that were prepared. 

Initially, leptospiras were concentrated by cen 
trifugation at 10,000 r.p.m. for one hour and then 
were resuspended at four times the original con 
centration in several 


coarse 


materials, These were: (a) 
peanut oil, (b) a mixture of 5 per cent gelatin and 
3 per cent dextrin buffered saline, 
and (¢) 3 per cent dextrin and alum to a final 
concentration of 25 mg. per milliliter in buffered 
saline. Formalin in a concentration of 0.3 per cent 
was added to all the preparations. Subsequently, 
all vaecines were prepared directly from the cho 
rioallantoic fluids and were inactivated either by 
formalin or by freezing and thawing. To a por 
tion of 
(PVP) 


cent, 


contained in 


each preparation, 
added in a concentration of 20 per 
another portion untreated. 
Merthiolate as a preservative was added in a con 
centration of 1: 10,000 to all that 
had inactivated by thawing. 
One preparation that dried 
from the frozen state. 

In tests for potency, calves were each given sub 
eutaneously 5 or 10 mi. of the preparation. Fol 
lowing inoculation of the 
were taken daily. 


polyvinylpyrrolidone 
was 
while was left 
preparations 
been freezing and 
PVP 


contained was 


vaccine, temperatures 
A serum sample was obtained 
before vaccination and another when the calf was 
tested for immunity, The test for immunity con 
sisted of inoculating each calf subcutaneously with 
2 mi. of defibrinated blood from infected guinea 
pigs or from an infected calf at intervals that 
ranged from two to six weeks after inoculation 
with unvaccinated 
were inoculated in the same manner as a 
for each test. 


vaccine. One or more calves 


control 
Immunity consisted, therefore, in 


development of antibodies as shown by the stand 


TABLE 1—Vaccine Preparations and Results 
of Tests in Calves and Guinea Pigs 


** Results 
in guinea 
Vaccine Results in calves pigs 
Agglutination 
lysis test* 
1/80 1/160 


Test for 
immunity 


Test for 
1/40 immunity 
Formolized 1 3 3 0/7 

Frozen and thawed 1 5 5 o/11 

Controls soenyTy NT NT 16/17 

* Expressed as final dilution of serum that 
nated or lysed living leptospiras. 

** Denominator indicates number of animals vacci 
nated. Numerator indicates number of animals showing 
infection when later given virulent leptospiras. 

*** NT means not tested 


aggluti 
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ard agglutination-lysis test and in failure to show 
clinical illness with 
isms known to be infective. 


following inoculation organ 

In tests for development of immunity in guinea 
pigs, each animal was given 1 ml. of vaccine sub 
cutaneously and, later, at ranging from 
two to six weeks each was inoculated again, intra 
peritoneally, with 1 ml. of defibrinated blood that 


contained virulent leptospiras. 


per iods 


Adequate controls, 
consisting of 3 or more guinea pigs, were included 
in each test. Control guinea pigs 
typical febrile response that usually 


showed the 
began three 
to five days after inoculation and lasted for two 
to three days. Guinea pigs that were immunized 
failed to show febrile response. 
presented in table 1. 

As can be seen in table 1, 


These results are 


following vaecination 
all calves developed antibodies for Leptospira and 
all were immune when given virulent leptospiras. 
Guinea pigs likewise were all immune when chal 
lenged with leptospiras. 

Signs of infection 
calves consisted of a febrile reaction in 13 (81%) 
and of these 2 died (12% 
no signs of illness, although 2 of the 3 developed 
both complement fixing and lytic antibodies, These 
results are similar to those 


shown by the 16 control 


Three calves showed 


reported in the initial 


study’ on leptospirosis, in which 17 calves 
infected, 15 of these showed 
(17%), (12% 


but developed immunity. 


were 
), 3 died 


illness 


fever (88% 


and 2 showed no signs of 


The signs of illness shown by control guinea 
in which 
febrile 
tion, with more than 90 per cent showing fever by 
the fifth day after inoculation and almost all of 


the remainder by the 


pigs resembled those reported originally ’ 


all guinea pigs developed a marked reae 


seventh although an 
occasional guinea pig did not show fever until the 


ninth day. 


day, 


COMPARISON OF VACCINES 


The several vaccines prepared by centrifugation 
at high speeds were abandoned as being imprae 
tical when it was found that this was an unneces 
sary step. Initially, leptospiras were inactivated 
by formalin but, again, when it found that 
freezing and thawing removed infectivity but did 
not remove latter 
being safer and per 
haps less damaging to immunizing properties than 
chemical inactivation. 
vaccines and those and thawed 
been studied in a comparative manner. 

Infected chorioallanto’e fluid, after 
and thawing, slowly formed a floceulant precipi 
tate. It noticed that PVP pre 
vented aggregation and a finely granular precipi 
tation occurred. The initial aim in using PVP 
was to obtain a possible adjuvant effect. In order 
to determine the effect of PVP on immunization, 
twofold dilutions that ranged undiluted to 
1:32 of vaecine alone and vaccine containing 20 


was 


immunizing this 


method was emphasized as 


properties, 


As yet, however, formolized 


frozen have not 
freezing 


was addition of 


from 


per cent PVP were prepared. Groups of 5 guinea 
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pigs were each given subcutaneously 1 ml. of a 
dilution and after two given lepto 
spiras infective for a control group. This test was 
repeated, except the 1:32 dilution, which 
only 40 per cent effective. The results of 
presented consolidated in table 2. 

As can be seen in table 2, the addition of PVP 
did not affect the immunizing ability of the vae 
Its desirable effect, therefore, was to pre 
vent flocculation and maintain a uniform product. 


weeks were 
was 
both 


tests are 
cine, 


DiIscUSSION 


Mounting evidence has indicated that 
vaccination could have considerable effect 
in reducing economic loss caused by lepto- 
spirosis in cattle and that a vaccine should 
be made available. No reports were found 
of any vaccine for L. pomona although 
Olitzki et al.* had attempted immunization 
of cattle against Leptospira the 
strain found in Palestine, but with only 
Lubashenko * reported on 

Leptospira icteroanemiac 
type 1 and 2, found in Russia, that effec- 
tively immunized experimental calves and 
other animals when two injections were 
given seven days apart and, in field use, 
materially reduced the incidence of lepto- 
spirosis. Vaccines for leptospirosis in dogs, 


bovis, 


partial success. 
a vaccine for 


effective against both Leptospira canicola 


and L. icterohaemorrhagiae, have been re- 
viewed by Brunner and Meyer’ in their 
recent report on another vaccine. 

All of these vaccines were made by using 
Leptospira cultivated in artificial mediums 
and inactivated by chemical means except 
that of Brunner and Mever'’ who, after 
concentration of leptospiras by centrifuga- 
tion, inactivated them by drying from the 
frozen state. The vaccine reported herein 
that immunizes guinea pigs and calves by 
a single injection was made from a strain 
of L. pomona maintained in eggs 
1947 and this method of cultivation may 
have contributed to its effectiveness. In 
its preparation, chorioallantoic fluid from 
infected eggs was inactivated either by 
adding formalin or by freezing and thaw- 
ing. Also, a preparation made by freezing 
and thawing and the addition of PVP was 
dried from the frozen state, and still would 
immunize. Comparative studies by titra- 
tion of immunizing properties have not 
been made as vet between leptospiras inac- 
tivated by formalin and those by freezing 
and thawing. In early studies on the 
American strain of bovine Leptospira or- 
ganisms,' it had been found that freezing 


since 


Bovine LEPTOSPIROSIS 


and thawing completely destroyed them 
and this method of preparation was em- 
phasized as being safer than chemical in- 
activation and perhaps less harmful to 
antigenic constituents, as suggested by 
Brunner and Meyer’® in reporting on 
their canine vaccine. 

Vaccine prepared by freezing and thaw- 
ing slowly formed a flocculant precipitate, 
but flocculation was prevented by addition 
of 20 per cent PVP. Lesser concentrations 
of PVP were not tested. Comparative tests 
between an untreated, frozen and thawed 
leptospiral vaccine and one containing 20 
per cent PVP indicated that both immu- 
nized equally well. It would appear prac- 
tical to use a leptospiral vaccine prepared 
by freezing and thawing, to which PVP 
could be added to maintain uniformity ; 
this vaccine should be expected to immu- 
nize guinea pigs consistently at a 1:4 dilu- 
tion, with allowances made for the oceca- 
sional guinea pig in which vaccine may not 
be deposited properly. 

The ability to produce good immunity in 
guinea pigs, as well as in calves, indicated 
that a potency and a safety test can be 
performed in guinea pigs. For test pur- 
poses, a suggested procedure could be as 
follows: Place 5 guinea pigs, weighing ap- 
proximately 300 Gm., in an air conditioned 
room with the environmental temperature 
maintained at approximately 70 F. In this 
group of 5 animals, inoculate each subeu- 
taneously with 1 ml. of vaccine diluted 1:4. 
At the same time, place an unvaccinated 
group of 5 animals in the test. Thereafter, 
take temperatures daily and record in a 
uniform manner. From two to three weeks 
after inoculation, inoculate each guinea 
pig in the vaccinated and control groups 


TABLE 2—Comparison in Guinea Pigs of C-A 
Fluid Frozen and Thawed and Frozen and 
Thawed Pius 20 Per Cent PVP 


Vaccine diluted Dilutions tested* 


C-A fluid 
Frozen and 
thawed 


C-A fluid 

Frozen and 
thawed, plus 
20 per cent 


PVP 10 0/10 1/10 


* Denominator indicates number of animals vaccinated 


Numerator indicates number of animals showing infec 


tion when later given virulent leptospiras 


Un 

1 1:2 2:4 2:8 1:16 1:82 
i 
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intraperitoneally with 1 ml. of virulent 
blood from other guinea pigs. As an addi- 
tional safety measure, introduce portions 
of vaccine in thioglycollate medium. No 
growth of organisms should occur. 

This vaccine contains inactivated Lepto- 
spira and should be equivalent to other 
vaccines of this type. As yet, information 
on its stability is insufficient but, provided 
the vaccine meets specifications for federal 
license, there will be available a vaccine to 
provide a serviceable immunity against 
leptospirosis caused by L. pomona, After 
consideration of the known means whereby 
leptospiras are spread in cattle, this vac- 
cine could interrupt spread within a herd, 
protect adequately an exposed herd, and 
prevent losses in beef animals during the 
period they are being fed for market. 


SUMMARY 


Knowledge of bovine leptospirosis indi- 
cated a need for a vaccine. A vaccine con- 


sisting of a suspension of Leptospira or- 
ganisms (Cornell strain T-262) that had 
been cultivated in eggs and inactivated, 
either by 


formalin or by freezing and 
thawing, has been tested in calves and in 
guinea pigs. Titration in calves for the 
minimal immunizing dose was not feasible 
but effective protection resulted from in- 
oculation of 5 ml. subcutaneously. Titra- 
tions for the minimal immunizing dose in 
guinea pigs showed protection when 4¢% 
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ml. was inoculated subeutaneously. On this 
basis, a potency test was devised in guinea 
pigs that makes possible evaluation of the 
vaccine, 

This vaccine contains inactivated lepto- 
spiras and should be equivalent to others 
of this type. It should provide a service- 
able immunity and thereby interrupt a 
slow spread of infection within a herd, 
adequately protect an exposed herd, and 
prevent losses in beef animals during the 
period they are being fed for market. 
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Liver Biopsy in Cattle 


LEE SEGHETTI, D.V.M., and H. MARSH, D.V.M. 


Bozeman, 


Biopsy OF THE LIVER for the purpose of di- 
agnosis is not a new procedure. In human 
medicine, this form of diagnostic approach 
to study diseases of the liver has been used 
for some fifty years. During the past de- 
cade, the procedure has been adapted ex- 
perimentally in veterinary medicine. Dick’ 
in Australia was to our knowledge the first 
to report the successful use of liver biopsy 
in sheep in connection with work on copper 
metabolism. Since then, a number of work- 
ers*:*° have used different variations of 
his technique in domestic animals. Dick’s 
instrument and technique is a modification 
of the Iversen-Roholm method in man.* In 
veterinary medicine, liver biopsy can be 
useful in research, diagnosis, and as an aid 
in the selection of proper therapeutic 
agents. The procedure is safe and requires 
little time. 

The method and instrument for liver bi- 
opsy to be described arose in connection 
with experimental work on urolithiasis in 
range steers with regard to the storage of 
vitamin A in the liver. The size of the 
liver biopsy cores as obtained by other 
workers did not meet our needs for analy- 
sis. The instrument used is similar to the 
one described by Dick but of larger dimen- 
sions and, in our opinion, more convenient 
to use. The technique is essentially the 
same as recently described by Loosmore 
and Alleroft.® 


INSTRUMENTS 


The trocar and cannula are made of stainless 
steel.* The trocar is 21.5 em. in length and 6 mm. 
in diameter with the end ground to a triangular 
The cannula is an 8-mm. tube having an in 


6.25 mm.; one end is adapted 


point. 
side diameter of 
with an aluminum handle for ease in manipulation 
and providing suitable attachment for a syringe. 
The other end is beveled down to a fine cutting 
edge that can be easily maintained. This is of im 
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portance in obtaining a clean biopsy plug. A 20 
ml. record-type syringe is fitted with a threaded 
stainless steel adapter, with the slip ground to fit 
the handle of the The syringe stem is 
equipped with a dosage nut which may be quickly 
adjusted, so that one may easily maintain the de 
sired negative pressure. Figure 1 shows the trocar, 


cannula. 


cannula, adapter, and syringe used. 


Fig. 1—The biopsy instruments. 


OPERATION 

The steer is placed in the standing posi- 
tion in a cattle squeeze chute. The head is 
secured by means of a rope halter and 
fastened to one side. A sufficient area is 
clipped close over eleventh and twelfth 
ribs on the right side. The skin is cleansed 
and prepared with alcohol and iodine. The 
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site of puncture is located between the 
eleventh and twelfth ribs 21 em. ventro- 
lateral to the dorsum of the spinous proe- 
esses of the corresponding vertebras. This 
site was determined by performing an ex- 
ploratory laparotomy on an experimental 
animal, and manually guiding the cannula 
to the parietal surface of the liver. The 
site of puncture will natirally vary with 
the size of the animal and the above meas- 
urements were found to be satisfactory for 
a 450-lb. yearling Hereford steer. The site 
of puncture is marked and the skin and 
subcutaneous tissues are infiltrated with 
5 to 7 ml. of 3 per cent procaine hydro- 
chloride. 

After anesthesia is produced, a small in- 
cision (1.5 em.) is made in the skin and 
subcutaneous tissues parallel to the ribs to 
facilitate the entrance of trocar and can- 
nula, The trocar and cannula are directed 
slightly forward and downward at an 
angle of about 15 degrees to the horizontal 
plane, and are advanced through the inei- 
sion. Then with a short thrust the instru- 


ment is advanced through the intercostal 
muscles, pleural space, and diaphragm to 
the dorsolateral aspect of the liver (fig. 2). 


The nature of the resistance indicates 
when the trocar and cannula have entered 
the liver. After piercing the liver capsule, 


Fig. 2—The eleventh, twelfth, and thirteenth 

ribs outlined. The trocar and cannula inserted 

to the point where the instrument has entered 
the parietal surface of the liver. 
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the trocar is removed, and a 20-ml. syringe 
is slipped into the handle of the cannula 
and a slight suction is established and 
maintained. The cannula is advanced 
slowly into the liver with a slight rotary 
motion for a distance of 6 or 7 em., or until 
undue resistance is met (fig. 3). Then the 


Fig. 3—The cannula with the syringe attached 
has been forced into the liver to the desired 
depth and is about to be withdrawn. 


negative pressure is again increased and 
the tip of the cannula is moved slightly to 
free the core from the liver. The cannula 
and syringe are then rapidly withdrawn. 
Immediately after removal of the instru- 
ment, the liver core is expelled into suffi- 
cient saline to free the tissue of blood. The 
core may be placed either on a piece of 
filter paper to remove excess moisture and 
then in a vial or placed directly in a 
fixative. 

After the preliminary steps have been 
carried out, the biopsy procedure requires 
about five minutes. If, on the first attempt, 
one fails to obtain a liver specimen, the 
procedure can be repeated using the same 
cannula and site of puncture without 
harmful effect or much discomfort to the 
animal. The incidence of failure to obtain 
a satisfactory liver core is definitely re- 
lated to the experience of the operator. 
The skin incision is swabbed with iodine 
before the steer is released. 
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A steer was slaughtered sixteen hours 
following the removal of several cores of 
liver tissue through the same incision, and 
on examination showed no evidence of 
hemorrhage into the peritoneal cavity, or 
adhesions of the liver to the peritoneum. 
The damage was restricted to eannula 
tracts in the liver which contained clots of 
blood. 

Using this method, 15 biopsies were per- 
formed on a like number of yearling steers 
without harmful results or after effects. 
The size of the cores measured from 3 to 
9 em. and weighed from 0.7 to 1.9 Gm. The 
larger cannula yields whole cores with less 
distortion of tissue than may be obtained 
with smaller bored instruments. In pene- 
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trating the thicker part of the liver, one is 
unlikely to impair vital structures which 
may happen more easily when a cannula is 
pushed through the lobe of the liver as de- 
scribed by some workers. 
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Sensitivity Studies with Repeated Intradermal 
Johnin Tests in Cattle Naturally Infected with Mycobacterium 
Paratuberculosis (Johne's Disease) 


DENNIS SIKES, M.S., D.V.M. 


Knoxville, Tennessee 


JOHNE’S DISEASE is a chronic infectious 
disease caused by Mycobacterium para- 
tuberculosis. The insidious nature of the 
disease, and the slow developing pathology 
in the digestive tract, which may take 
many months or even years to produce an 
advanced clinical case or death, makes this 
disease one of the most difficult of all cattle 
diseases to recognize and control. The dis- 
ease is characterized by inflammation of 
the intestinal tract and mesenteric lymph 
glands, loss of condition, and diarrhea. 
Cattle and sheep are the more common 
host animals; however, goats, horses, and 
deer have been shown to be susceptible. 

The mucous membrane of the intestinal 
tract is the primary site of infection, which 
means that large numbers of the causative 
organisms may be present in the feces of 
diseased animals and, therefore, the dis- 
eased animal is a potential source of infee- 
tion to other animals. Infection may take 
place in the susceptible animal by eating 
feed and drinking water which has been 
contaminated. Young animals are more 
susceptible than mature ones. 

In considering the possibilities for con- 
trol of this disease or any other infectious 
disease, one must take into account the 
primary source of infection, namely, in- 
fected animals and infected surroundings. 
It is essential, therefore, to have an under- 
standing of the infectious agent both as to 
its behavior within the animal and in the 
animal’s environment. This, in turn, ne- 
cessitates developing a method which will 
identify infected animals, also an accepted 
procedure for eliminating or quarantining 
infected animals and removing environ- 
mental sources of infection. 


This is a codperative project between the Tennessee 
Agricultural Experiment Station, University of Tennes 
see, Knoxville, and the U. 8. Department of Agriculture, 
Bureau of Animal Industry, Regional Animal 
Research Laboratory, Auburn, Ala 


Disease 


Published with the permission of the director of the 
Tennessee Agricultural Experiment Station 


[12 


EXPERIMENTAL PROCEDURE 
Eight naturally infected 
ranging in age from 3 to 6 were selected 
herd in which with M. para 
tuberculosis has been present since 1940. The an 
nual mortality from from 3 
to 5 per cent in the noninfected 
animal to act as a was selected 
from the University dairy herd and kept in sep 
arate quarters with a separate caretaker. All ani 
mals had good quality alfalfa hay, a commercially 
prepared dairy feed, and permanent 
which to graze. They were bred and each gave 
birth to 1 ealf within the course of the experiment. 
The hair was clipped with extra fine-toothed 
¢lipper blades from an area 3 by 8 in., 
mately 1 ft. from the vertebral 
longitudinal were clipped 
sides of the animals and were designated the first 


adult 


years 


Jersey cows 


from a infection 
this disease has run 
adult eattle. A 
control animal 


pastures on 


approxi 
column, Three 


such areas across the 
Three additional such rows were clipped and 
designated numerically as rows 2, 3, and 4. Mil 
limeter readings of the skin thickness in the an 
terior and posterior portions of the clipped areas 
were with the Kummer 
thickness gauge. Johnin was injected 
ally in 0.2-ee,. 
A control area was clipped on the side of the neck 
of each animal, skin thickness measured, and in 
jected with 0.2 ce. of johnin simultaneously with 
All injections were made with 27 

The 
hours postinjection and re 


row. 


Johnson’ dermal 


intraderm 


made 


doses in these measured skin areas. 


the other sites. 
gauge 
measured forty-eight 
corded. The first row or top row nearest the 
vertebral column was injected at fourteen-week 
intervals, the second row at sixteen-week intervals, 
the third row at eighteen-week intervals, and the 
fourth or bottom row at twenty-week intervals. 
All repeated tests on the sides of the animals were 
made in the same site, and a new or previously 
unused area on the side of the neck was tested 
each time to act as a control to the normal sensi 
tivity of animal. Five 
tests were made. All increases of 3 ml. or more in 
skin 
positive and designated by the plus (+) sign. All 


*%-in. needles. injection sites were 


each repeated series of 


thickness of injection sites were classed as 
increases from 2 to 
cious and designated bythe plus and minus (+) 
sign. Increases less than 2 ml. were 
negative and designated by the minus (—) sign. 
This classification appreaches that used by veter 
inarians in the field. The johnin used in this series 
of tests made by the U. 8S. Department of 


3 ml. were classed as suspi 


classed as 


was 
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Agriculture, Bureau of Animal Industry, Regional 
Animal Research Auburn, 
Ala. 


Disease Laboratory, 


EXPFRIMENTAL RESULTS 

Table 1 gives a summary of the number of pos 
itive, suspicious, and negative tests at fourteen-, 
twenty-week intervals on 
Also given are the 


and 
the naturally infected animals. 


sixteen-, eighteen " 
percentages of positive, suspicious, and 
results. All 
(noninfected ) 
which explains why 


relative 
tests on the control 
negative throughout 
they are not 


negative tests 


animal were 
the experiment 
given in table 1. 
It is interesting to note from table 1 that 97 of 
the 360 tests were negative at fourteen-week inter 
only 22 tests were negative at 
twenty-week The difference 
figures is highly significant when 
siders the efficiency of the test in eradicating the 
There were 163 suspicious tests at four 
teen-week intervals and 104 at twenty-week inter 
This reduction in the number of suspicious 
tests is to be expected when the number of nega 


vals, whereas 


intervals. between 


these one con 


disease. 
vals, 


tive tests is markedly reduced as the interval of 
time between tests increases, so that the injection 
time to regain and 
take were 100 
fourteen-week 234 


sensitivity 
There 
intervals 


sites have some 


reparative changes place. 


positive tests at and 
TABLE 1—Summary of Tests on Naturally In- 
fected Animals 


Total 


tests 


Intervals of Negative Positive 


time 


Suspicious 


tests tests tests 


14 weeks 
Ist repeat 
2nd 
3rd repeat 
ith repeat 
5th repeat test 


repeat 


ts 


16 weeks 
Ist repeat 


2nd repeat 
3rd repeat 
ith repeat 


5th repeat 


18 weeks 

Ist repeat 
2nd 
ird repeat 
ith repeat 
5th repeat 


repeat 


20 weeks 

Ist repeat 
2nd repeat 
Srd repeat 
ith repeat 
5th repeat 
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at twenty-week intervals. This great increase in 
the number of positive tests is highly significant 
indicating that the efficiency of the test is mark 


edly Thus, under routine field condi 


234 


increased. 


166 


20 Weeks 


18 Weeks 


Negative suspicious [J Positive 


Graph 1—Summary of results of tests on nat- 
urally infected animals. 


14 Weeks 16 Weeks 


tions in retesting a herd of cattle for this disease, 
to hasten the eradication would ex 
pect a more efficient use of the test by waiting at 
least twenty weeks between tests if the same test 


process, one 


ing site is to be used. Perhaps one should use a 
new testing site for each test in considering that 
22 or 6 per cent of the were negative at 
twenty the other hand, that 


is about as accurate as one can expect any biolog 


tests 
weeks, On possibly 
ical test to be, when one considers the many possi 
bilities of human error and biological variation in 
sensitivity of the cows. It is possible that the 
needle pot could have pierced a smali blood ves 
sel and the johnin deposited into the general cir 
that and 
the injection was given subcutaneously. 


culation, or an animal moved violently 
Graph 1 shows test results by relative bars. The 
diminution of the negative 
fourteen- to twenty-week 
striking. Also, the 
number of positive tests from fourteen 


gradual number of 


tests from intervals is 
increase in the 
to twenty 


week intervals between tests is given. The numbers 


significant 


of suspicious tests are given and also decreases in 


numbers from fourteen- to twenty week intervals 


between tests. 
DISCUSSION 

Most veterinarians use the right caudal 
fold of cattle for routine johnin and mam- 
malian tuberculin testing. If repeated tests 
are the same caudal fold is 
usually used. If the same person who per- 
formed the first test is employed for the 
repeat test, the chances are that the injec- 
tion will be made in the same site. By 
nature, people doing routine duties have 
set habits and procedures for doing these 
Thus, as a result, the veterinarian 
grasps the caudal fold at a convenient loca- 
tion which is compatible with the length 
and size of the fingers of the left hand, and 
the length of the cow’s caudal fold. Con- 
versely, the same applies to persons who 
make the injections with the left hand and 


necessary, 


jobs. 
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as a result the injections are made in the 
same site with little or no variation. 

Sikes and Groth * observed that in two 
herds of cattle naturally infected with 
Johne’s disease, the animals did not react 
on repeated tests in a previously untested 
site with the same degree of intensity or 
regularity. Perhaps, the slow progress of 
active pathology as compared to tubercu- 
losis is a factor. Hagan * has suggested the 
possibility of reinfection from pas- 
tures, which is highly probable under most 
herd conditions and which may partially 
explain some of this irregularity in aller- 
gic response. On this assumption, it is 
possible that the more recently or actively 
infected animal would have a higher de- 
gree of sensitivity and that this sensitivity 
would diminish as apparent recovery from 
exposure takes place. Mild winters, exces- 
sive amounts of water, high organic con- 


tent of the soil, and dense vegetative 


growth of pasture plants all contribute to 
a highly suitable environment for the pro- 
tection, survival, and possible reproduction 
of the Johne’s bacillus on pastures in the 
southern part of the United States. 
Rider * found that in 1,100 double intra- 


dermal tuberculin tests on the sides of the 
neck of naturally sensitized tuberculous 
cattle, 90 per cent of the negative reactions 
had a swelling not over 2 mm. at forty- 
eight hours, and the total increase was not 
over 3 mm. In 90 per cent of the positive 
reactions, the increase was more than 3 
mm. at forty-eight hours and the total in- 
crease was more than 5 mm. 

Due to the chronic nature and very slow 
progress in active pathology in Johne’s 
disease in most animals, it is very prob- 
able that the sensitivity will never be as 
great, except in the advanced clinical case 
as in bovine tuberculosis, which usually 
manifests a more active type of pathology. 

Wilson, Schwabacher, and Maier were 
able to partially desensitize guinea pigs 
artificially sensitized with heat-killed tu- 
berele bacilli by daily injections of old 
tuberculin (O.T.). They believe that de- 
sensitization probably is never complete in 
healthy animals. Apparently, it acts not 
by abolishing allergy but by converting a 
‘*high’’ into a ‘‘low’’ degree of allergy. 

Sikes, Johnson, and Oglesby ° observed 
that even in artificially sensitized cattle 
with a very high degree of sensitivity, a 
partial local desensitization occurred when 
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repeated intradermal johnin tests 
made in the same site at four-week inter- 
vals. They also observed that a marked 
local desensitization occurred in naturally 
infected animals when repeated tests were 
made at four-week intervals. Sixty-nine 
per cent of these tests were negative. Sikes 
and Groth * noted that only 9 per cent of 
538 repeat tests at ninety-day intervals 
were positive on the caudal fold, whereas 
77 per cent of 538 tests were positive on 
these same animals when each test was 
made in a new site. They believe a new 
injection site is preferable for each test. 

Two of the naturally infected animals 
died with advanced clinical 
Johne’s disease. They were autopsied and 
were found to have pathology typical for 
this disease. Small, acid-fast staining rods, 
microscopically indistinguishable from the 
Johne’s bacillus, were demonstrated from 
scrapings of the lining of the small in- 
testines and the mesenteric lymph nodes. 
The other 6 animals went through typical 
periods of clinical Johne’s disease with in- 
termittent diarrhea and loss of flesh, but 
they partially recovered. They were au- 
topsied and small, acid-fast rods were dem- 
onstrated in serapings of the small in- 
testines. There was some thickening of the 
intestinal wall with the mucous membrane 
thrown up in rolls. They were not as ad- 
vanced as the 2 that died. 

All injection sites were positive on the 
original tests. The control areas on the 
sides of the neck were positive for each 
test. Thus, all animals were positive to the 
intradermal johnin test throughout the ex- 
periment. Results of these tests show a 
very high degree of accuracy under the 
conditions of this experiment. 


were 


cases of 


SUMMARY 


A total of 1,440 intradermal johnin tests 
were made in cattle naturally infected 
with Johne’s disease at fourteen-, sixteen-, 
eighteen-, and twenty-week intervals, and 
support the following conclusions: 

1) Cattle infected with Johne’s disease 
will react to the intradermal johnin test 
in a previously unused site, even though 
they fail to react when repeated tests are 
made in the same site. 

2) A partial local desensitization does 
take place when repeated intradermal 
johnin tests are made in the same site. 
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3) If the same testing site is used, a 
lapse of twenty weeks should take place 
before retesting. 

4) Perhaps a new testing site is prefer- 
able for each test. 

5) The intradermal when 


johnin test 


properly applied is a highly efficient bio- 
logical test for sensitivity to Mycobacte- 
rium paratuberculosis infection in cattle. 
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The Relation of Limited Water Consumption to the 
Development of Urinary Calculi in Steers 


K. F. SWINGLE, Ph.D., and H. MARSH, D.V.M. 


Bozeman, 


ONE OF THE FACTORS which has been sug- 
gested as possibly involved in the develop- 
ment of urinary caleuli in weaner steer 
calves is a limited consumption of water. 
Clinical of urolithiasis frequently 
occur under severe winter conditions when 
calves do not obtain their normal supply 
of water because of freezing of the water 
supply, or because they refuse to drink 
enough of the water near the freezing tem- 
perature. At this laboratory, observations 
over a period of several years indicate that 
urolithiasis occurs where calves have an 
abundant supply of water. An experiment 
was set up to obtain information as to the 
effect on the urinary system of wintering 
steer calves on the minimum water intake 
compatible with maintaining life. 


cases 


EXPERIMENTAL PROCEDURE 


The animals the 12 
grade Hereford steer calves about 7 months old at 
the beginning of the experiment. 
received at the laboratory on Nov. 8, 


used in experiment were 
The calves were 
1951. Blood 
samples were analyzed for phosphorus and vita 
to determine whether there defi 
in either of these blood constituents which 


min A was any 
ciency 
might affect the experiment. The average plasma 
phosphorus was 5.4 mg./100 ml., and the average 
plasma vitamin A 32.5 pg./100 both of 
which are considered adequate. 

The feed for the 
sisting principally of redtop and bluegrass, with 
traces of timothy and 


analysis of this hay showed that it contained 7.3 


was mil., 


ealves was grass hay, con 


alsike clover. Chemical 
per cent protein, 0.18 per cent phosphorus, and 
13 wg. The of the 
feed was based on the desire to simulate as nearly 
which Montana weaner 
wintered, either the form 
The hay fed at the 
10 lb. per head per day. 
stalls, 


each 


per gram carotene. selection 
as possible the feed on 
ealves usually 
of grazing or 
rate of approximately 

The watered 
measured of 


steers 


are in 


as hay. was 


steers were in individual 


water being 


had 


day 


amounts 
animal, After the 
to taking water twice a 
stalls, their daily consumption 
a period of seven days, and it was found to 


given 
become accustomed 


the 
was 


in individual 
determined 


over 
Research Laboratory 
Livestock 


oF 


Veterinary 
Station 


the Montana 
Experiment 
Coéperating). 
Experiment 


(Montana 
Board 
Agricultural 
Bozeman 


and 
Paper No 
Station 


Sanitary 
journal series 


Montana State College, 


16 


Montana 


No 
tem 


average about 3 gal. per head per day from 
vember 23 through The 
perature during this period showed a mean daily 
maximum of 42 F, minimum of 
F. The water used was dipped from a 
tank through which spring water flowed continu 
It was kept by a floating 
electric heater with a thermostat set at 45 F. This 
method of watering was continued throughout the 


November 29 air 
and a mean daily 


small 


ously. free from ice 


experiment. The average daily maximum air tem 
perature was 29.4 F. in December, 30,1 F. 
uary, and 34.2 F. in February. The average daily 
minimum was 8.6 F. in 7.7 F. in Janu 
ary, and 13.5 F. in February. Three of the 12 stalls 
24-hour samples of 
Dr. Lee 


24-hour sam 


in Jan 
December, 
were equipped for collecting 
urine, using the equipment described by 
Seghetti (see p. 28 in this issue). A 
ple was taken weekly from each steer, urine being 
collected from 3 steers on each of the first four 
days of each week. 

The volume, specific gravity, and hydrogen ion 
concentration were recorded, and the sediment was 
The cattle 
days, and observations were made as to their gen 


examined, were weighed every seven 
eral condition, feed consumption, and condition of 
feces. 

The experiment proper was started on Nov. 30, 
1951. On this date, the average weight of the 12 
steers was 438 lb. The 
the conditions of 
to be 
the cattle being watered twice 


ber 30, they 


normal water consumption 
the had 
3 gal. per head per day, 
On 


unde experiment been 


determined about 
Novem 
of 


6 gt. per day, which was one-half the normal con 


daily. 


were started on a water ration 


sumption, and the cattle were watered only 
daily. After this 
the daily 


once 
allowance, 
to 4 


one week on water 


amount per head was reduced qt. 


RESULTS 


After one week on 6 qt. and one week 
on 4 qt. of water, the average weight had 
dropped to 406 Ib., of Ib. per 
head. The hay consumption dropped from 
10 lb. to 8 lb., and the calves showed a loss 
of condition and hollow flanks. The 
were reduced in volume, and consisted of 
small, relatively dry stools. It was thought 
that this rapid weight loss was too great, 
and the water allowance was therefore in- 
creased. 

From December 14 to December 21 the 
water allowed was increased to 8 qt. daily. 
During this period, 25 |b. of the lost weight 


a loss 32 


feces 
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was regained, and the steers improved in 
appearance. The feces were still in small 
stools but were moist. The hay consump- 
tion increased from 8 Ib. to 10 Ib. 

On December 21, the water allowance 
was again reduced to 6 qt. which appar- 
ently was close to the minimum on which 
the cattle could exist without 
loss of weight and condition. This water 
allowance was continued until February 
15, when it was reduced to 4 qt. for one 
week, until February 22, when the period 
of limited water consumption was ended. 
During this period there was a slight loss 
in weight, and the calves failed to con- 
sume the full 10 lb. of hay. They were 
active and appeared healthy, although the 
fecal stools were small and dry, and the 
cattle were thirsty at all times. 

After February 22, the cattle were al- 
lowed water ad libitum. In one week they 
gained 69 lb., and were consuming 15 Ib. 
of hay per day. 

Figure 1 is a graph showing the average 
weights of the 12 steers at weekly inter 
vals from November 30 to March 14, and 
on May 2. 

Urine The first graph in fig- 
ure 2 shows the average volume of 24-hour 
urine samples taken at weekly intervals 
from November 26 to January 21, and on 
February 18, and March 5. The samples 
were actually taken over a four-day period, 
3 steers being sampled each day, and the 
date on the graph being in each case the 
first of the four days. 
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W26 23 1225 7 
Fig. 2—Graphs of average volume, specific 
gravity, and pH of urine of the experimental 
steers. 
The average volume before the water 
ration was reduced was 2,680 ml. with a 
range of 1,670 ml. to 3,690 ml. When the 
water intake was reduced to 6 qt. daily, 
the average urine volume dropped to 2,027 
ml., with a range of 1,380 ml. to 2,610 
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Fig. 1—Graph of average weekly weights of steers. 
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ml. When the water intake was reduced 
to 4 qt. daily, the average urine volume 
dropped to 1,800 ml. with a range of 1,290 
ml, to 2,180 ml. During a period of about 
two months, from December 21 to Febru- 
ary 15 when the steers were receiving 6 
qt. of water daily, the average urine vol- 
ume varied between 1,990 ml. and 2,262 
ml. During the week of February 15 to 
February 22, the water intake was only 4 
qt., and the average urine volume dropped 
to 1,640 ml. with a range of 1,450 ml. to 
1,970 ml. After February 22, the cattle 
had access to water at all times, and the 
average urine volume after two weeks was 
3,760 ml. with a range of 3,510 ml. to 
4,000 ml. 

Specific Gravity of Urine——The specific 
gravity of the urine varied inversely to the 
volume, as is shown by the second graph 
in figure 2. The lowest specific gravity was 
1.046 at the beginning of the experiment, 
and it rose to a high of 1.055 on Febru- 
ary 19. 

Urine pH.—The average pH of the 
urine varied from 8.5 to &.8 as shown by 
the graph in figure 2, the lowest figure 


being at the start of the experiment and 


the highest at the end. The range of indi- 
vidual readings was from 8.0 to 9.0. 
Calculi,—Although the method of col- 
lecting the 24-hour urine samples allowed 
some slight contamination with particles of 
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soil from the environment, so that it was 
not always possible to distinguish between 
a contaminant particle and a possible min- 
ute mineral particle from the kidney, it 
was concluded that if any such material 
from the kidney were passed, it was in 
the form of very minute particles. There 
was definitely no evidence at any time of 
any interference with the passage of urine 
through the urethra. 


SUMMARY 


Twelve steer calves about 6 to 7 months 
old at the beginning of the experiment 
were held for nearly three months on a 
very limited water intake and fed 
hay. The volume of urine excreted 
markedly decreased, the specific gravity 
was correspondingly increased, and the 
was slightly increased. 


vrass 


was 


There was no evidence of any interfer- 
ence with the passage of urine through 
the urethra, and no that mini- 
mal water consumption may be an impor- 
tant factor in the occurrence of urolithiasis 
in weaner calves. 


evidence 


It was found that the minimum daily 
water intake to prevent rapid loss of weight 
and severe constipation was 6 qt. per head 
per day for steer calves on grass hay 
weighing 438 lb. at the beginning of the 
experiment. 
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Infectious Keratoconjunctivitis of Cattle 


F, C. JACKSON, D.V.M. 


Angleton, Texas 


INFECTIOUS KERATOCONJUNCTIVITIS, or 
**pinkeye,’’ is a disease of the eyes of cat- 
tle. It is characterized by an acute to 
chronic inflammation of the and af- 
fects cattle of all ages and breeds. 


eve 


Investigators’* have reported the occurrence of 
intracellular organisms resembling rickettsias in 
the conjunctiva of infected animals. They reported 
that these intracellular organisms resembled rick 
ettsias could not definitely 
establish that they were the etiological agent. 
and Little’ hemolytic diplo 
bacillus from the eyes of cattle affected with an 


“infectious ophthalmia.” 


morphologically but 


Jones isolated a 
This diplobacillus would 
experimentally, 
Baldwin,’ and Reid and Anigstein’ confirmed the 
work of and Little.” Farley et al.” 
work of Baldwin.” The 
Reid and Anigstein’ showed that Hemophilus bo 


reproduce the disease syndrone 
could 


work of 


Jones 


not confirm the 


vis* would reproduce the disease, and that neither 
viral could be 
These results prompted me to study the role of 
H. bovis as the agent. The 
following is a report of the research by the writer 


rickettsial nor agent incriminated, 


possible etiological 
on infectious keratoconjunctivitis of cattle in the 
Gulf Coast area of Texas. 


DISTRIBUTION AND Economic IMPORTANCE 


This disease has been reported occurring 
in cattle in North and South America, Eu- 
Asia, Africa, and Australia. It is 
widely spread over North America, occur- 
ring among range, feedlot, and dairy cattle. 

Infectious keratoconjunctivitis is highly 
contagious and is transmitted from animal 
to animal by direct contact with infected 
material and especially in dairy herds by 
the house fly, Musca domestica. The possi- 
bility that other flies and gnats may serve 
to transmit this disease is still being in- 
vestigated. 

No difficulty was encountered in trans- 
mitting the infection by rubbing the eye 
or nasal exudates from an infected animal 
onto the conjunctiva of a susceptible ani- 
mal. The incubation period varies accord- 
ing to climatic conditions, being forty-eight 


rope, 


Sub 


1587 pub 


From the Texas Agricultural Experiment Station 
station No Angleton. Technical article No 
lished by permission of the directo 

*The author 
of this microérganism in the genus Moraxella by 

Manual of Determinative 1948 
Therefore, this classification will not be followed 
manuscript 


is not in agreement with the classification 
Bergey's 
edition 
in this 
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hours to one week during the spring, sum- 
mer, and early autumn months, but may 
be prolonged to three or four weeks during 
the winter. 

The disease spreads very rapidly and 
may infect 80 per cent of a herd within 
one to three weeks. It spreads faster among 
feedlot and dairy cattle than among range 
cattle, due possibly to the greater number 
of flies present and closer proximity of the 
animals to each other. Seasonal and an- 
nual flare-ups may appear in a herd. The 
infection may appear mild during the sum- 
mer, then flare into an epizoétic during the 
late autumn. It may appear one year, then 
skip one, two, or more years. 

The rate of infection seems to be high- 
est in the Hereford breed, followed by the 
Jersey. Aberdeen Angus and Aberdeen 
Angus-Hereford crosses do not seem to 
take the disease readily, but when they are 
infected the disease runs a 
The Brahman is usually resistant to the 
natural infection, but 
produced experimentally. 


severe course, 


the disease can be 


Fig. 1—Experimental case of infectious kerato- 
conjunctivitis, showing the lesions of the sub- 
acute form and early chronic form. 
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The financial loss to the cattle industry 
brought about by infectious keratoconjune- 
tivitis can not be accurately estimated as 
no survey was conducted. From my own 
observations and from the reports of other 
workers, the disease is of vast 
importance. 

Mortality is practically nil, but the mor- 
bidity is high resulting in a high percent- 
age of permanently damaged eyes. Due to 
the impairment of sight, cattle on the range 
are subjected to many hazards. Dairy cat- 
tle will drop in milk production and _ be- 
come unthrifty. Beef cattle fail to gain 
and will lose weight as a result of the in- 
fection. Very young calves suffer severely 
during an outbreak and, due to the disa- 
bility and weight loss, a great majority 
remain stunted. 

The disease does not respond readily to 
medicinal treatment, and frequent appli- 
cations of the various agents used must be 
made before any results are obtained. This 
brings about problems in handling and 


economic 


weight losses, especially in range herds. 


SYMPTOMS AND LESIONS 


Acute Form.—There is an edematous 
swelling of the upper and lower eyelids, 


Fig. 2—Fulminating form in calf showing the 
ruptured cornea. 
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copious serous lacrimation, and photopho- 
bia. Apparently there is pain and itching, 
as evidenced by the rubbing of the eye or 
eyes. Injection of the palpebral conjune- 
tiva, with a slight congestion of the bulbar 
conjunctival present. Corneal 
opacity is light and diffuse. 

Subacute Form.—The symptoms of the 
acute form become more severe. The lacri- 
mal is more mucoid; conjuncti- 
vitis is intense with a marked engorgement 
of the bulbar conjunctival vessels. Along 
with a heavy corneal opacity, a shallow 
centrally located corneal uleer forms. It 
begins as a small, raised white area which 
breaks down leaving the ulcer. Cireum- 
corneal vessels become engorged and sur- 
round the cornea, giving the appearance 
of a red ring. Intraocular pressure is in- 
creased causing an outward distention of 
the cornea. 

Healing takes place by the circumcor- 
neal vessels gradually working their way 
towards the ulcer and eventually surround- 
ing it. The acute symptoms subside, and 
the ulcer heals leaving a slightly raised 
This scar usually disappears 
in one or two months. 

Chronic Form.—The edematous swell- 
ing of the lower eyelid becomes marked. 
The discharge becomes thick and purulent. 
Palpebral conjunctivitis and bulbar con- 
junctival vessel engorgement is intense. The 
membrana nictitans is congested and edem- 
atous. Opacity of the cornea is heavy and 
complete. Ci become 


vessels, is 


secretion 


dense sear. 


Cireumecorneal vessels 
more pronounced to form a wide band. 
Descemet’s membrane and the corneal 
endothelium often protrude through the 
ulcerated substantia propria. 

Rupture of Descemet’s membrane and 
the corneal endothelium may result in a 
complete collapse of the anterior segment 
of the globe, with a protrusion of the iris 
and sometimes the lens. Secondary infee- 
tion of the anterior chamber usually fol- 
lows a rupture of these membranes. Should 
complete collapse of the anterior segment 
of the globe not take place, the inflamma- 
tory process gradually recedes and the cor- 
nea heals with a dense sear. This sear may 
remain for one or more years but in most 
cases is absorbed in less than a year. 

Fulminating Form.—The appearance of 
the acute syndrome along with a large ul- 
cer, which in some cases nearly covered the 
whole cornea, characterizes this form. The 
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uleer penetrates Descemet’s membrane and 
the corneal endothelium in less than a week, 
with prolapse of the iris and lens. Fever 
is present, 104 F. to 106 F., and the infee- 
tion is usually bilateral as compared to a 
unilateral infection in the majority of cases 
in the other forms. Of 20 cases observed 
so far, 11 died and the remainder were per- 
manently blind. It has been found only in 
young animals 1 to 6 months of age. 
Carrier Form.—Some cases show a per- 
sistent lacrimation, but the majority do 
not show symptoms. No lesions except an 
old scar on the cornea are observed. Hemo- 
philus bovis has been isolated from these 
previously infected eyes for as long as 
eight months following the infection. 


ISOLATION OF Hemophilus Bovis 


The procedure used in the isolation of H. bovis 
was simple and depended on the form of the infec 
tion present. 

In the acute and subacute form, a dry swab was 
rubbed over the conjunctiva and smeared over a 
blood agar plate. Colonies of H. were nu 
merous before twenty-four hours at 37 C. ineuba 
tion. For more discrete colonies, the swab may be 
submerged in 5 ce. of broth or blood and a loop 
of material inoculated on a blood agar plate. 


bovis 


In the chronic and fulminating forms, due to 
the presence of overwhelming numbers of secon 
dary bacteria which outgrow H. bovis, this loop of 
material was placed in a second or third tube of 
before inoculation on the blood 


broth or blood 


agar plate. 


CULTURAL AND BIOCHEMICAL CHARACTERISTIOS 


Bordet Gengou potato glycerin agar medium was 
used for the isolation and propagation of H. bovis, 
Defibrinated or oxalated bovine blood was added 
to give a 5 per concentration. Abundant 
growth was obtained after twenty-four hours of 
incubation at 37 C. Stock cultures were grown on 
Bordet Gengou potato glycerin agar medium con 
These cultures 


cent 


taining 35 per cent bovine blood. 
must be subcultured after two weeks in the refrig 
erator. Lyophilized cultures were also used and 
remained viable up to three months. 

Growth Characteristics.—Gelatin 
at 22 C., liquefaction took place; nutrient agar 
growth scanty; nutrient broth—growth seanty and 
slow; X and V factors are not required for isola 
tion or for growth, but they are present 
growth is greatly enhanced; optimum pH—7.2 to 
7.4; optimum temperature—37 C.; thermal death 
60°C. in four minutes; facultative aérobic; 
carbohydrates—not attacked; indol—not formed; 
litmus milk—alkaline reaction after 
with the formation of a precipitate of casein after 
not reduced to nitrites. 


after six days 


when 


point 
seven days, 


ten days; nitrates 


INFECTIOUS KERATOCONJUNCTIVITIS OF CATTLE 


MORPHOLOGICAL AND COLONY CHARACTERISTICS 


Hemophilus bovis is a gram-negative, nonacid 
fast bacillus with rounded ends, measuring 0.5 to 
1.0 « in width, and 1.5 to 2.0 w in length. It stains 
well with aniline dyes and oecurs principally as a 
diplobacillus. Pleomorphism appears early in in 
cubation and cultures are very pleomorphic after 
forty-eight hours at 37 C. Bipolar staining and 
the presence of metachromatic granules are some 
times observed in old cultures. A distinct capsule 
is present in recently isolated cultures. Hemo 
philus bovis is not flagellated nor are any spores 
produced. 
agglutination marked in 
This characteristic less 
variation of colonial 


Spontaneous is very 
recently isolated cultures. 
ens with subculturing and 
structure. 

The typical, smooth-type culture of H. bovis on 
blood agar after twenty-four hours of incubation 
at 37 C. presents the following characteristics. 

Scattered colonies have no tendency toward a 
confluent growth except where colonies have merged 
into each other due to their proximity. Colonies 
are punctiform to 2 mm. in size, with a smooth, 
moist, and glistening surface resembling tiny dew 
drops. They are greyish white, circular with an 


Fig. 3—Typical morphology of Hemophilus bo- 


vis after twenty-four hours’ incubation. Meth- 


ylene blue stain. x 90. 
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entire edge convex, and translucent. Colonies are 
surrounded by a clear zone of 

which width. 
firm and breaks when touched with an inoculating 
loop. A 


beta hemolysis, 


may reach 2 mm, in The colony is 
small depression due to liquefaction is 
present on the mediums when a colony is removed. 


Variants oF Hemophilus Bovis 


Hemophilus bovis is an extremely vari- 
able microérganism. This characteristic 
could account for the failures of some 
workers in confirming it as the etiological 
agent of infectious keratoconjunctivitis of 
cattle. 

On primary isolation, it occurs as the 
smooth type and when individual colonies 
are picked and subcultured they maintain 
their smooth characteristics up to the 
fourth or fifth serial transfer on artificial 
mediums. Spontaneous will 
then take place even under optimum condi- 
tions of growth. 


dissociation 


Fig. 4—Smooth type colonies of Hemophilus 
bovis on blood agar after twenty-four hours’ 
incubation. 
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Cultures showing their first dissociated 
types comprise approximately 70 per cent 
smooth, 20 per cent smooth intermediate 
rough, and 10 per cent pure rough colonies. 

The pure rough variant is a fixed type. 
It maintains its characteristics on medi- 
ums, and has never produced any symp- 
toms of the disease. The size varies from 1 
to 3 mm. and there is more tendency to- 
ward a confluent growth. Colonies are dry, 
nonglistening, irregular in form, and grey- 
ish white. The edges are undulate and the 
surface granular. They are 
translucent, becoming denser in the center 
as the colony ages. They are slightly raised 
when 1 mm. in size, becoming flattened as 
the size increases. 

A narrow zone of hemolysis surrounds 
the colony which does not increase after 
prolonged incubation. The colony 
and viscid, leaving no depression in the 
mediums due to liquefaction. It is more re- 
sistant to aging, and the outline appears 
misty when held up to the light. The pure 
rough colony has been isolated from old 
chronic cases but never from an acute, sub- 
acute, fulminating, or carrier case. 

The morphology is similar to the smooth 
type, but long chains are common. No eap- 
sules have been demonstrated and sponta- 
neous agglutination not 


Is rsely 


is soft 


does oceur, eol- 
ones forming a uniform suspension 1n salt 


solutions. 


PATHOGENICITY OF Hemophilus Bovis FOR 
LABORATORY ANIMALS 


The instillation of virulent 
tions from both spontaneous and experi- 
mental and pure cultures instilled 
into the eyes of rabbits failed in every in- 
stance to produce any symptom or lesion 
of the disease. 

Subconjunctival injections of suspen- 
sions containing the smooth type produced 
a severe conjunctivitis in rabbits in less 
than twenty-four hours. This condition 
was localized and never spread further 
than the infiltration of the inoculum. 
Swelling of the eyelids, lacrimation, and a 
slight amount of cireumcorneal injection 
was observed after forty-eight hours. Res- 
olution was complete within five days. No 
corneal lesion was ever observed. 

Intraocular injection of similar material 
produced a severe ophthalmitis. Lacrima- 
tion, conjunctivitis, cireumecorneal injec- 
tion with complete opacity of the cornea 


eve secre- 


Cases, 
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was observed. Clearing of the eye was not 
complete until after two weeks. Hemoph- 
lus bovis was isolated in pure culture from 
the conjunctival and anterior chambers of 
the eves of these rabbits. 

Intradermal injections of viable or killed 
cells produced a necrosis of the injected 
area within forty-eight hours. Toxic fil- 
trates would also produce the same type of 
necrosis, the severity depending on the po- 
tency of the filtrate. 

The injection of either virulent or non- 
virulent cultures into the scrotal 
rabbits produced a severe hemorrhagic ne- 
the skin and adjacent 


sac of 
crosis of scrotal 
tissue. 

Intraocular injections of guinea 
produced the same reactions as previously 
described in the rabbit. No reaction was 
produced by serotal injections. 

Albino mice succumbed when 
intra-abdominally or intravenously 


pigs 


injected 
with 


suspensions of 900 million bacilli. 


EXPERIMENTAL REPRODUCTION OF INFECTIOUS KER 
ATOCON JUNCTIVITIS IN CATTLA 


Eye and nasal secretions, containing H. bovis, 
from spontaneous cases of the disease readily pro 
duced the when instilled 
the eye or eyes of suseeptible cattle. 


clinical syndrome into 
In the reproduction of the disease from artifi 
cially grown cultures the following procedure was 
employed. 
1) Each 
insect-free stall during the period of observation 


animal to be infected was kept in an 


and infection. As far as possible, animals were 
sources which free from the 
of the animal to be infected 
antigen of H. 
if the antigen was 
Daily 
were 
Ani 


mals having pigmented eyelids, or pigment around 


from were 
disease. The serum 
tested against a 


bovis. No animals were used 


obtained 


was formalized 
agglutinated in dilutions as high as 1: 89. 
bacteriological both 
taken for two weeks prior to the inoculation. 


examinations of eyes 


the eyes, were just as susceptible as those which 
were not pigmented. 

In the this 
was made of numerous smears taken from hea)thy 
and diseased eyes of cattle. After staining with 
Giemsa’s stain, the conjunctival epithelial cells of 
a majority of these smears: showed the presence of 
particles in the cytoplasm which resembled rick 


early stages of research, a study 


ettsias. These particles however were identified as 
melanin. No further research as to the possibility 
of rickettsias was conducted, since H. bovis would 
reproduce the symptoms and lesions of the natural 
occurring disease in pure culture, and satisfied the 
postulates of Koch. 
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2) Smooth type colonies picked from blood agar 
after incubation 
distilled 


were 
water, cent salt 


hours 
made in 
0.01 per 


eighteen to twenty-four 


used. Suspensions were 


nutrient broth, or a 
solution. 

3) In the instillation of the suspension into the 
used, all giving 
rubbed 


several methods have been 
results. A dry 
lightly upper 
junctiva. Another 


suspension and applied in the same manner over 


eye, 


equal sterile swab was 


lower palpebral con 
soaked in the 


and 
was then 


over the 
swab 


a few drops of the suspension 
were instilled into the lower conjunctival sac. Both 
lids were then held closed and the eye was gently 
Searification of the conjunctiva did not 
better than the men 


tioned procedure. 


the conjunctiva, or 


massaged, 
produce any results above 

4) The ineubation period varied greatly, being 
as short as eighteen hours to as long as seventeen 
In the majority of the animals infected, the 
Longer 


days. 
incubation period was two to three days. 


incubation periods were observed in animals in 


oculated during the cool months of the year. Three 


animals inoculated during January failed to show 


any evidence of infection until they were turned 


out into the sun on 
isolated strains of H. bovis produced 


a warm day. 
Recently 
as eighteen hours to three 


the infection as early 


days. Older strains usually produced the infection 


after a longer incubation period. 


Fig. 5—Mixture of smooth and rough colonies. 
Note the difference in size, the larger colonies 
being the rough ones. 
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5) To date, 45 Hereford, 
Brahman cattle have been experimentally infected 
with the smooth type H. Bovis. Four sheep and 1 
goat have also been experimentally infected. The 
symptoms and lesions produced by the inoculation 
of a pure culture of H. were identical to 
those observed in the acute, subacute, and chronic 
forms of the natural oecurring infection. Of the 
45 Hereford cattle which were infected, 35 devel 
oped the disease in the chronic form. The other 
10 had infections ranging from the acute to the 


10 Jersey , and 3 


bovis 


subacute forms. 

The 10 Jersey calves infected developed the sub 
acute form, and the 3 Brahmans developed the 
acute form. The infection developed to the chronic 
form in the 4 sheep; the 1 goat developed an 
acute infection. 

Four adult Hereford cows failed to develop the 
infection after repeated inoculations. No 
plete history of their early life was obtainable; 
therefore, it could have been possible for them to 
have had the infection before. Every calf which 
was inoculated under the procedures outlined above 
developed the infection. 


com 


6) After the clinical symptoms of the disease 
appeared, H. bovis was easily isolated from the 
infected eye in an almost pure culture. It was 
virulent for other susceptible cattle, with 
strains showing an increase in virulence. 


some 


7) Serums from animals experimentally infected 
showed a titer as high as 1: 320 after the four 
teenth to twentieth day. 


DISCUSSION 


‘*infectious 


9? 66 


The terms 
‘infectious keratitis, 


ophthalmia,”’ 
keratoconjunctivi- 


Fig. 6—Conjunctival epithelial cell from a dis- 
eased cow showing the cytoplasmic, melanin 
particles. 
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tis,’’ and ‘‘infectious keratoconjunctivi- 
tis’’ have been used in reports referring to 
the disease commonly known as pinkeye”’ 
of cattle. It is believed that the term ‘‘in- 
fectious keratoconjunctivitis’’ should be 


the one used, since it is the only one which 
completely describes the clinical syndrome. 


The characteristics of H. bovis and the 
clinical syndrome produced by H. bovis 
isolated from cattle in Texas resembles the 
description given by other workers in 
Texas, and in different parts of the United 
States. 

Hemophilus bovis was isolated from in- 
fected eyes in every outbreak of the disease 
observed but was never isolated from the 
eyes of normal cattle. Cultures have been 
isolated from the Hereford, Jersey, Angus, 
and Brahman breeds. 

The fact that H. bovis will readily disso- 
ciate from the virulent, to the 
rough avirulent type indicates that a close 
observation must be made on all cultures 
before experimental inoculation or antigen 
production is attempted. 


smooth 


The presence of a systemic antibody ti- 
ter, produced by the experimental inocula- 
tion of cattle with H. bovis, indicates that 
circulating antibodies are produced as a 
result of the infection. 

A separate report on the serology, immu- 
nology, and toxins of H. bovis will follow 
this report at a later date. 


SUMMARY 


1) The findings show that Hemophilus 
bovis is apparently the specific etiological 
agent of infectious keratoconjunctivitis of 
cattle in Texas. 

2) Hemophilus bovis is very exacting in 
its growth requirements and must have the 
X and V factors for maximum growth. 

3) Hemophilus bovis is not stable, disso- 
ciating from a virulent 
type to a rough avirulent type. 


readily smooth 
4) Antibodies are produced by sponta- 
neous or experimental infection with H. 
bovis. 
5) The serotal sac of the rabbit is very 
susceptible to H. bovis which produces a 
necrosis following 


severe hemorrhagic 


Injection, 
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In Vitro Testing of Sulfonamides Against Known Microorganisms 
and Those Isolated From a Scouring Calf 


WARREN N. DANNENBURG, B.S., and J. R. HARRIS, D.V.M. 


Bristol, Tennessee 


THE ETIOLOGICAL AGENT generally recog- 
nized as being responsible for Septicemia 
neonatorium (white scours) in ealves is a 
virulent strain of Escherichia coli. 

This condition produces an inflammation 
of the intestinal tract producing a watery 
diarrhea which is usually accompanied by 
a septicemia. Often, many organs outside 
of the gastrointestinal tract are involved, 
e.g., kidney, liver, and lungs. The trans- 
mission of this acute intestinal disease 
among newborn calves is quite rapid and 
when onee started is fairly difficult to 
eradicate.*:® 

The antibacterial treatment now used is 
the sulfonamides,*:*? with the trend being 
towards derivatives which have the advan- 
tage of being low in toxicity and low in 
absorption in order to maintain an effee- 
tive antibacterial concentration in the in- 
testinal tract. 

It is the purpose of this report to give 
the in vitro results of several sulfonamide 
derivatives on known strains of microdér- 
ganisms and to report the effective coneen- 

From the research department of The 8. E 
Co., Bristol, Tenn 


Massengill 


trations on some gram-negative rods iso- 
lated from the feces of a scouring calf. 
METHODS 


MATERIALS AND 


A suspension of the feces from a scouring calf 
was made in an isotonic saline solution. The larger 
particles were dispersed by with a 
The settle 
and the supernatant was used to streak plates con 
taining differential mediums. 
eultures of 
were 


and 
allowed to 


shaking 
wire loop. suspension was 
After securing pure 
tests 


species 


representative colonies, routine 


performed the and 


determined. 


genus 


In vitro tests with the sulfonamides were essen 
tially the same as described by Northey. A few 
drops of 0.1 N NaOH is dropped on the powder to 
produce a paste. To this is added 100 em.’ of 0.02 
M phosphate buffer with a pH 7.0-7.2 
prepared by using 0.016 M NaeHPO,- 12H.0O and 
0.004 M NaH.PO,- H,O Heat is gently applied 
to effect solution but not enough to cause evapora 
tion. then added to 
5 em.” of double strength tryptose phosphate broth 
(Difeo). A then 
single (dilution 
organism) to a concentration 
hibition. 


{ buffer is 


Five em.* of this solution is 


serial dilution is made with 


strength medium depending on 
shows no in 
broth culture 
is appropriately diluted and 0.2 ce. is inoculated 
in the tubes. Results are read after 


37 C. for forty-eight hours. 


which 
The inoculum of a 24-hour 


incubating at 


TABLE I—In Vitro Results at pH 7.07.2 Showing the Minimum Concentration of Sul- 


fonamide in Milligrams per 100 cm. 


N‘butyry! 


thiazole 


Test organisms 


x 


Micrococcus pyogenes 
var. aureus 


Escherichia coli 


Streptococcus pyogenes 


Streptococcus faecalis 


Pseudomonas aeruginosa 


* Those concentrations marked with a plus sign designate that growth was present in the 


centration of sulfonamide used 


of Medium Effective Against Known Organisms 


cetamide 
N’propiony! 


Sodium 
cetamide 
cetamide 


Medium 


used 


x 


peptone 
peptone 
peptone 
peptone 
peptone 
peptone 
synthetic 
peptone 
peptone 


peptone 


highest con 


26 


32 a 3 8 16 
128 128 64 
16 4 4 8 16 
16 8 4 16 
16 2 2 8 
128 64 32 128 128 64+" 128 
l 0.125 4 4 
es 644+* 644 644 644 644 64 644 
644 ‘ 16 64 32 2 
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RESULTS AND DISCUSSION 


Of the known organisms tested, all were 
susceptible to the action of the sulfonam- 
ides except the strain of Streptococcus fae- 
calis. Pseudomonas aeruginosa was not 
affected by sulfabenzamide in the concen- 


TESTING OF SULFONAMIDES 


infections. The results obtained with in 
vitro testing against the sulfonamides were 
satisfactory, the most susceptible being 
Proteus vulgaris. Escherichia intermedium 
was inhibited at low concentrations when 
synthetic medium was employed, while the 


Table 2—in Vitro Results at pH 7.0-7.2 Showing the Minimum Concentration of Sul- 
fonamide in Milligrams per 100 cm.* of Medium Effective Against Organisms Isolated 
from a Scouring Calf 


N’ Butyryl 
nilamide 


Test organisms 


Escherichia intermedium 


Proteua vulgaris 


Salmonella 28+* 64+ 64 
(sp. not determined ) 64-4 64 


* Those concentrations marked with a plus sign designate 


centration of sulfonamide used 


tration used. The synthetic medium" in 
which the Escherichia coli was tested does 
not offer the protection against the sulfon- 
amides that the peptone medium does, as 
shown by the effective concentration being 
much lower. These concentrations effective 
against several known organisms are listed 
in table 1. 

The isolation of Escherichia and 
other gram-negative present in the 
feces of the scouring calf was the desired 
end, since it has been pointed out that this 
was the etiological agent responsible for 
Upon identification of the micro- 
organisms, the gram-negative were 
Escherichia intermedium, Proteus vul- 
garis, and a species of Salmonella. The 
species of Salmonella was not determined 
because adequate identification would re- 
quire serological methods. 

Escherichia intermedium is indigeous to 
the intestinal tract and is commonly found 
in man and animals, while Salmonella and 
Proteus are not normally present but do 
appear with pathological conditions. Pro- 
teus vulgaris is associated with putrefac- 
tion and abscesses and has been reported 
as the cause of gastroenteritis. Salmonella 
is ‘known to be responsible for enteric 
disturbances. 

It is well to note that all three of the 
isolated microérganisms have significance 
because each is capable of causing enteric 


coli 


rods 


SCcCOUrS. 


ror Is 


cetamide 
cetamide 
N’Propionyl 
nilamide 
Medium 
used 


Sodium 


peptone 
synthetic 


peptone 


128 284 i44 peptone 
128 peptone 


that growth was present in the highest con 


species of Salmonella was apparently re- 
sistant in most cases to the sulfonamides in 
the concentration used. The results shown 
in table 2 give a positive indication that 
effective antibacterial action can be aecom- 
plished in vitro with several sulfonamide 
derivatives. 
SUMMARY 


In vitro testing of known strains of mi- 
croorganisms against some sulfonamide de- 
rivatives give effective results in the ma- 
jority of the tests. Similar results are 
obtained from organisms isolated from a 
fecal specimen of a scouring calf when 
tested im vitro. 
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A Simple Apparatus for Collecting Urine from Steers 


LEE SEGHETTI, D.V.M., M.S. 


Bozeman, Montana 


DuRING THE COURSE of experiments deal- 
ing with urolithiasis in 6-month-old range 
steer calves, it became necessary to collect 
24-hour urine specimens from several ani- 
mals at frequent intervals. The experi- 
ments were conducted during late fall and 
winter and, because of extreme low temper- 


of the platform, but with larger animals it might 
be advisable. 

The collecting pan was made from a single sheet 
of galvanized sheet metal (stainless steel may be 
preferred), and designed to slide on wooden guides 
just below the grating. Figure 3 shows the con 
struction of the pan and screen. The supporting 
of the were rolled to provide grooves 


sides pan 


22° 4 
1 


Fig. 1—Bottom—drawing of the side view of the stall platform showing the arrangement 

of the grating and position of the collecting pan. Top—drawing showing the platform 
and pan viewed from the back. 


atures, the collections of 24-hour specimens 
became a problem. The various urine col- 
lection devices attached to animals were not 
readily adaptable under these conditions. 


After some preliminary trials the method which 
proved most satisfactory for our purpose wos to 
have a raised platform in a stall of 
sufficient height to accommodate a collection pan 
without materially changing the construction of 
the existing stalls. 
elevated 8 in. from the 
consisted of supports of 2 in. 


stanchion 


The supporting platform was 
floor of the stall, and 
by 6 in. lumber for 
two sections of iron grating. The front part sup 
porting the forelimbs of the animal was made of 
1 in. by 6 in. lumber (fig. 1). If desired, there 
is no reason why the entire floor supporting the 
animal eouldn’t be made of grating. The two see 
tions of iron grating were made by welding iron 
bars (4 in. by 1 in. by 19% in.) to an angle iron 
(% in, by 1 in, by 1 in. by 17 in.) at 1-in, inter 
vals (fig. 2). For 6-month-old calves, it 
necessary to secure the grating to the framework 


was un 
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Veterinary 
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Paper No 
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From the Montana 
(Montana Experiment 
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Montana 


The 16-mesh 


coarser 


for the slide. sereen is 
screen, 
used, 

cient slope to provide instant drainage. 


top is spot-soldered to the 


screen to 
although finer or 
The bottom and top of the pan have suffi 
The front 
bottom 
The 
top was so constructed to keep evaporation to a 
minimum. All other edges are soldered making the 
pan water tight. 


mesh may be 


edge of the 


leaving Yg-in. space for passage of urine. 


URINE COLLECTION 


The pan and sereen are placed in position under 
the first section of grating. The exact position of 
the pan under the grating will vary with the size 
of the The 
grating into place and the 
stanchioned. A 
through the holes in the sides of the stall at suffi 


individual animal. second section of 


is then put steer is 


section of iron pipe is slipped 
cient height te keep the steer from stepping back 
(fig. 4). When 


steers are stanchioned for the entire period. 


urine collections are made, the 
proved highly 
feeal 
The small amounts 


This method of collecting urine 


satisfactory under our conditions and con 


tamination was at a minimum. 
of extraneous matter in the specimen, or freezing 
of the specimen, appeared to have little or no sig 
effect on the sample for routine 


nificant urine 


if 
i 
4 
A 
_ le 
= 
= \ | 
) \ } 
| 
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chemical This method can be easily 


adapted to a single or a series of lumber stanchion 


analysis. 


type stalls at very little expense. 


Fig. 2—A section of the iron floor grating show- 
ing the construction. 


Fig. 3—The metal col- 
lecting pan with the 
screen cover partially 
withdrawn to show the 
slope of the bottom and 
top for directing the 
urine into the bottom 
of the pan. The pan is 
20 in. long by 20 in. 
wide by 6 in. deep with 
VYo-in. supporting edge. 


APPARATUS FOR COLLECTING URINE 


Fig. 4—A view of the apparatus in place in one 
of a series of stanchion stalls. 
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The Effect of Small Daily Doses of Phenothiazine on the 
Development of Larvae of the Gastrointestinal 
Parasites of Cattle 


GEORGE E. CAUTHEN, M.S., D.V.M. 


Angleton, Texas 


THE MOST DESIRABLE method of controlling 
parasites of domestic animals is to prevent 
infection. Since ruminants acquire the 
gastrointestinal nematode parasites as the 
result of grazing on pastures contaminated 
with infective larvae, any practical pro- 
gram that may prevent or reduce the num- 
ber of infective larvae on the pastures 
would be of economic importance. 


The idea of using small daily doses of pheno 
thiazine, as a means of preventing the develop 
ment of infective larvae in the feces, can be traced 
to the investigation of Knipling’” on the use of 
phenothiazine in the medication of cattle to pre 
vent the development of horn fly larvae in the 
feces, 

Shorb and Habermann that 0.5 
Gm. of phenothiazine given daily to sheep pre 
vented the development of infective larvae in 
the feces. The use of a mix 
atode parasites of sheep has proved its 
this method in the 
parasites in eattle, however, has not been generally 
Britton, Miller, and of Cal 
ifornia, using a 1:15 phenothiazine-salt mixture 
on Hereford weaner calves reported that the mix 
ture was not readily eaten and did not prevent the 
development of clinical helminthiasis. More favor 
able results were reported by Harwood, Guthrie, 
and Preble,* of Ohio, who gave a 1: 10 mixture to 
steers on pasture, keeping the controls supplied 
with salt. This regime was carried out during two 
grazing seasons with a greater weight increase 
and parasite loss in the treated group. United 
States Bureau of Animal Industry research work 
ers” found that the use of mixtures prepared with 
plain salt were doubtfully satisfactory. When 
calves were given a mineral mixture containing. 5 
per cent phenothiazine and fed timothy hay, the 
amount consumed was adequate for control of the 
pa*asites but was not when the animals were fed 
alfalfa hay. 

The efficacy of small daily doses of phenothia 
zine in reducing egg production of parasitic worms 
in cattle Andrews, Muniz, and 


demonstrated 


phenothiazine-salt 
as a means of controlling the nem 
SUCCESS, 
these 


The use of control of 


accepted. Cameron, 


was shown by 


From the Texas Agricultural Experiment Station, sub 
station 8, Angleton. Technical article No. 1589. The in 
vestigation reported here is in connection projec 
of the Texas Agricultural Experiment Station, and is 
published by the permission of the director 


with a 


Orihuela,’ who reported that daily 
Gm. of phenothiazine per 100 lb. of body weight 
did suppress egg production of Haeomonchus, 
Trichostrongylus, Bunostomum phlebotomum, and 
Oesophagostomum radiatum, but they did not sup 
press it noticeably in Cooperia and Strongyloides 
Mayhew,” using 
B. phlebotomum and Oe. and 
yearlings, reported that the results of feeding 1.5 
indicate that egg pro 
duction in B. phlebotomum was not affected, but 


loses of 0.5 


papillosus. pure infeetions of 


radiatum in calves 
Gm. of phenothiazine daily 


doses as small as 0.5 Gm. daily for fourteen days 
stopped egg production in radiatum. 

In view of the possibilities of using small daily 
doses of phenothiazine as a means of controlling 
the gastrointestinal nematode parasites of cattle, 
studies on 


in the 


it seemed desirable to make additional! 
its effect on the development of the 


feces of cattle with a 


larvae 
mixed infection, 


MATERIALS AND MPTHODS 


mixed breeds, 


and 500 Ib., 


and 4 
weighing approximately 250 


Five calves yearlings of 


respec 
Feeal ex 


tively, were used in these experiments. 


amination sence of 


the 


indicated the yp Ostertagia, 


Trichostrongylus, and Cooperia a predomiuat 
and Haemonchus 


Bunostomum in 


Ing specics 
and 


Oh sophagostomum, 
lesser numbers. 


Some of the animals were stabled and received 


ground grain and hay; others were on pasture. In 
each case, the phenothiazine was added to ground 
grain feed once a day. 
nothiazine 


The daily feeding of phe 
was begun two days before starting 
the collecting of fecal samples for culturing and 
usually stopped twenty-four hours before collect 
ing the last sample in that group. The three to 
six day periods of phenothiazine medication alter 
nated usually with a similar period of nonmedica 
tion. However, in there 
fifteen-day medication. Feeal 
were collected from the at feeding time. 

In experiment 1, the 
velopment of 
mixing 50 
(Cauthen*) and eulturing in jars at 26C. for six 
to seven days. Larvae Baer 
mann and larvae 
were made, 

In experiment 2, the eggs from 4 to 8 Gm. of 
feces were recovered by Stoll’s flotation method 
ZnSO, After distilled 


water to remove the ZnSQO,, the eggs were eultured 


experiment 4 was one, 


period of samples 
reetum 
determination of the de 
larvae in the 
Gm. of 


feces was made by 


feces with sphagnum moss 


were recovered by 


apparatus dilution counts of 


using solution. washing in 
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in approximately 1 ec. of water in Syracuse watch 
glasses for thirty-six to forty-eight hours. The 
percentage development was determined by dilu 
tion counting of eggs and larvae of culture. Em 
bryonated hookworm eggs were counted as larvae, 
due to the longer time required for them to hatch. 

In experiments 3 and 4, 2-Gm. samples of feces 
and 3 to 4 ee. of water were thoroughly mixed and 
incubated in 300-ec. Erlenmeyer flasks for five to 
six days. Development of larvae was determined 
by Stoll’s * flotation method. 
in entire 2-Gm,. cultures 
percentages of larvae development determined. 


The eggs and larvae 


each were counted and 


RESULTS 
Experiment 1.—The average number of 


larvae recovered from five control cultures 
was 8.840. No larvae were recovered from 


any of the seven cultures when 2.0 Gm. of 
phenothiazine was fed daily. Of five eul- 
tures from the animal receiving 1.0 Gm. 
daily, no larvae were recovered from four 
and only 25 larvae from the fifth culture. 


The average percentage 
cultures from the 


Experiment 2. 
development of eight 
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yearlings not receiving phenothiazine was 
58; of ten cultures from the 2 animals re- 
ceiving 1.0 Gm. of phenothiazine daily was 
0.2; of 12 cultures from 3 animals receiv- 
ing 0.7 Gm. daily was 0.7. 


Experiment 3.—The average percentage 
development of 40 cultures from 4 year- 
lings not receiving phenothiazine was 55. 
Of 20 cultures from these animals, when 
receiving 0.5 Gm. of phenothiazine daily, 
the percentage development was 16.5; of 
24 cultures from these animals receiving 
0.7 Gm. daily it was 1.3, and of 24 cultures 
from these animals receiving 1.0 Gm. daily 
it was 1.6. 


Experiment 4.-The average percentage 
development of 25 cultures from 5 calves 
not receiving phenothiazine was 69. When 
receiving 0.5 Gm. of phenothiazine daily it 
was 10.4; when receiving 0.7 Gm. daily it 
was 4.5; when receiving 1.0 Gm. daily it 
was 0.9, and when receiving 1.5 Gm, daily 
it was 0.6. 


TABLE i1—The Effect of Small Daily Amounts of Phenothiazine on the Development 
of Infective Larvae 


Experiment 1 (Yearling 30) 50 ¢ 
Dates of 
cultures 


Experiment 2—Cultures of recovered ¢ 


Dates of Phenothiazine 


cultures daily (Gm.) 


Experiment 3 "ecal cultures of 
34 
41 
B80 


cultures of 


im, of feces mixed with sphagnum moss 


Ave. No 


larvae per 


Phenothiazine 
daily (Gm.) 


0.0 


ges from feces of yearlings 


Percentage development 


2 Gm. from yearlings 3 
44.0 
47.0 


20.0 


0 

0 
0 
17 


80.0 


Gm. from calves 


henothiazine 


ure 
6/1, 3 0.0 aM 
41.5,6,.7 ) 
6/11, 20 0.0 Wie 
6/21. 22.2 20 0 
6/25 13.000 
6/29, 30; 7/1, 2,3 1.0 51 
30, 31, 32, 33 
10/21, 22, 23, 24 0.0 62.0 57.0 58.0 
10/25, 26, 27, 29, 31 10 0.0 0.4 0.2 
11/10, 11, 12, 13 0.7 2 0.17 11 1.3 04 0.7 
11/14, 15 61.0 77.0 42.0 
12/5, 6 7.0 65.0 46.0 
12/26 — 200 76.0 15.0 
1/2 45.6 60.0 76.0 96.0 
11/17, 18, 19, 20,2 1.7 1.5 3.6 1.3 
11/28, 29, 30; 12/2, 3 0.5? 8.0 18.0 41.0 16.5 
I 1/9, 11, 16, 18, 24, 25 1.0 Oo” 1.3 0.6 44 1.6 
5 6. 27, 28 764 66.0 62.0 74.0 69.0 
0.5 74 5.7 9.0 26.0 10.4 
3/10, 11, 13, 14, 15 0.7 11.0 2 0 1.0 4.0 4.5 
1/16. 17. 18, 19. 20 1.0 10 0.3 oF 
5/22, 23, 24, 26, 27 1.5 0.56 oO. 0.78 1.2 0.6 0.6 
25 larvae recovered from June 30 cullure Micronized ») EE 


E. 


DISCUSSION 

Todd '* reported that 69.2 per cent of 
strongylid eggs from feces of horses receiv- 
ing 2.0 Gm. of phenothiazine daily were 
infertile as compared to 3.9 per cent from 
feces of horses not receiving phenothiazine. 
Mayhew * reported that daily amounts as 
low as 0.3 Gm. of phenothiazine fed to 
cattle resulted in abnormal Oesophagosto- 
mum 

No quantitative determination of 
centage of abnormal eggs was made in the 
experiments reported here. However, ab- 
normal cell division was observed in the 
eggs at Haemonchus and Ocsophagosto- 
mum. Eggs of the smaller worms, Oster- 
tagia, Cooperia, and Trichostrongylus, ap- 
peared to be in the stage of development 
normally found in the feces collected from 
the rectum. 

The failure to hatch of recovered worm 
eggs in water cultures of experiment 2 
indicate that they were killed by the time 
defecation occurred, This is of importance 
because, if the action of phenothiazine 
were necessary in preventing development 
after defecation, the dilution and change 
in the feces by rain, sunshine, and other 
factors might allow the development of in- 
fective larvae. 


eggs. 


per- 


SUMMARY 


Two hundred and seventy-five fecal sam- 
ples were cultured from 4 yearlings and 
5 ealves. The percentage development of 
larvae was determined in 258 cultures. The 
average percentage development in control 
cultures was 60. In cultures, when 0.5 Gm. 
of phenothiazine was fed daily, the per- 
centage development was 13; 2.5 per cent 
when 0.7 Gm. was fed; 0.9 per cent when 
1.0 Gm. was fed, and 0.6 per cent when 1.5 
Gm. was fed. 
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The Toxic Effect of Phenothiazine on Cattle of the Gulf 
Coastal Plain Area of Texas, and Its Efficacy in Removing 
Ostertagia Ostertagi and Trichostrongylus Axei 


GEORGE E. CAUTHEN, M.S., D.V.M. 


Angleton, Texas 


THE LOSSEs in cattle due to gastrointestinal 
parasites are of tremendous economic im- 
portance. The losses are greater in many 
of the southern states due to the favorable 
environment for the propagation of these 
parasites. There are definite indications 
that this parasite problem is even greater 
in much of the Gulf Coastal plain area of 
Texas than in most other areas of the 
South. 


Woodhouse (unpublished annual report of sub 
station 3, Texas Agricultural Experiment Station, 
1941) collected eattle, 
including 7 which had been treated with pheno 
thiazine. Practically all were clinical 
gastrointestinal 

He found an 


contortus, 27,000 


necropsy records of 28 
cases of 
parasites. 

average of 80 
Ostertagia 


Haemonchus 
48,000 
phle 


ostertagi, 


Trichostrongylus azxei, 156 Bunostomum 
and 


smaller 


botomum, 155 radiatum, 
reported the average number of the 
nematodes of the small intestine as 15,000 Coope 
Investi 
station 


Ocsophagostomum 


ria, Trichostrongylus, and Strongyloides. 
gations carried on by the writer at this 
since 1947 indicate that the two species, O. oster 
and 7. most of the 
losses of cattle in this area. 


tagi arei, are the cause of 
economic 

The dose rate of phenothiazine in this area had 
been less than 0.1 Gm. per pound of body weight, 
with 50 Gm. as the maximum dose. According to 
the investigations of Swanson, Porter, and 
nelly,’ and Porter,’ this dose rate was too low to 
be effective in removing O. ostertagi. The general 
opinion of veterinarians and ranchmen that larger 
toxie dis 


Con 


doses of phenothiazine would be too 


couraged the use of a larger dose rate. 
There have been unfavorable reports””* of the 
However, the fa 
vorable that 0.2 and 0.3 
Gm. per pound of body weight may be given to 
poor, heavily parasitized and yearlings 
without noticeable toxie effeets and that over 200 
Gm. given to yearlings and 2-year-old 
animals in fair condition with nothing more than 
transitory toxic effects. 

In consideration of the possibility that pheno 
thiazine be more toxic to cattle in the Gulf 


use of phenothiazine in cattle. 
reports indicate 
calves 


may be 


may 


From the Texas Agricultural Experiment Station, sub 
station 3, Angleton. Technical article No. 1590. The in 
vestigation reported here is in connection with a project 
of the Texas Agricultural Experiment Station, and is 
published by permission of the director 


Coastal plain area of 


periments were 


Texas than elsewhere, ex 
undertaken to determine (1) if 
cattle in this area would tolerate large doses, and 
(2) if the large doses would be more effective in 
removing O. ostertagi and T. arei. 


EXPERIMENTAL 

Range cattle on pasture were used in the three 
experiments and were owned by the Texas Prison 
System. Experiment 1 carried out 
November and the pasture was poor. 


was during 
Experiments 
during the summer 


was considered fairly 


2 and 3 
and the 


were carried out 
months 
good. 


Erperiment 1. 


pasture 


Eighteen herd of 18- to 24 
month-old steers weighing approximately 450 Ib. 
were selected for uniformity from a group of 75. 
These animals, in and showing 
symptoms of chronic parasitism, were divided into 
three groups. Group 1 was not treated and served 
In group 2, each animal was given 50 
Gm. of phenothiazine. In group 3, 
was given 125 Gm. of phenothiazine. They were 
slaughtered after treatment, each 
abomasum tied off, removed, and held in a refrig 
until the worms could be collected 
eounted by the usual laboratory methods, 
Experiment 2,—Forty-eight head of 2-year-old 
steers, in good flesh and weighing approximately 
700 lb., were selected. They were divided into 
three groups and treated as those in experiment 1. 
However, 12 were slaughtered the day before the 
appointed date material 
from them. 
Erperiment 8. 


poor condition 


as control. 


each animal 


seven days 


erator and 


and was not collected 


Forty-five 2-year-old steers sim 
ilar to those of experiment 2 were selected, except 
that each animal of group 2 received 60 Gm. of 
phenothiazine. 

RESULTS 

In all three experiments, toxic effect of 
phenothiazine was observed only in those 
animals receiving the 125-Gm. dose, and 
consisted of sluggishness during the 
twenty-four hours following treatment. 
The sluggishness was most pronounced in 
the cattle of experiment 1. 

The average number of worms found in 
the abomasum of animals in group 1 of 
each of the three experiments was con- 
sidered the average number of worms in 
the animals in each particular experiment, 
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TABLE 1—A Comparison of the Number of Ostertagia and Trichostrongylus Found at 
Necropsy of Treated and Untreated Yearlings and 2-yr.-old Steers, 
and the Percentage of Efficacy of the Treatment 


Experiment 1 


Treatment 
(Gms.) 


Group No. of 
No animals 


none 


2 5 
125 


3 
Experiment ‘ 
none 
2 50 


3 ¢ 125 
Experiment 


I! none 

1! 60 

3 I! 125 

50 and 60 Gm 
125 Gm 


Ave. of all exp 
Ave. of all exp 


and was used as the basis for calculating 
the percentage of worms removed by the 
respective doses of phenothiazine. The re- 
sults are shown in table 1. 

The percentage of Ostertagia removed 
by the 50- and 60-Gm. doses in the three 
experiments was 17, 40, and 48, respec- 
tively, and the percentage of Trichostron- 
gyvlus was 98, 95, and 85, respectively. The 
125-Gm. dose removed 69, 76, and 74 per 
cent of Ostertagia, and 100, 99, and 100 
per cent of Trichostrongylus, respectively. 


DIscussION 

A comparison of the toxic effect of phe- 
nothiazine, administered to anemic and 
nonanemiec parasitized cattle, has not 
been reported. However, it has been ob- 
served that where treatment of cattle with 
phenothiazine has proved fatal, severe 
anemia has usually been present. Thus, it 
appears that where severe anemia is asso- 
ciated with nematode parasitism, tréat- 
ment with phenothiazine is not advisable 
except in very small doses. 

The yearlings in experiment 1 provided 
an opportunity to test the toxicity of phe- 
nothiazine for chronic, heavily parasitized 
cattle in poor condition. The dose rate of 
125 Gm. was probably one-fourth or more 
above the therapeutic dose. 


Oatertagia Trichostrongylus 


Ave. No Ave. No 
Removed 
(%) 


found at found at Removed 


necropsy necropsy (% 


1 
17 


9,1! 


5 
5, 


CONCLUSION 

The results of three experiments indi- 
cate that 50- and 60-Gm. doses of pheno- 
thiazine to yearlings are not large enough 
to remove a satisfactory percentage of Os- 
tertagia ostertagi but are satisfactory for 
removing Trichostrongylus axet. 

The 125-Gm. removed a much 
greater percentage of Ostertagia ostertagi, 
and produced only transitory toxic effects. 


doses 
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A Flap Operation for Small Ruminal Fistulas 
R. E. NICHOLS, D.V.M., Ph.D., D.V.Sc. 


Madison, Wisconsin 


IN CERTAIN sTUDIES of rumen function re- 

quiring frequent injections into the rumen Fig. 2—Appli- 

and frequent sampling of contents, the cation of for- DORSAL WALL 
usual large fistulas requiring plugs are un- 
handy and unnecessary. Small fistulas are 
sometimes all that are required but even 
these are often quite messy, particularly 
in sheep. The following procedure for 
establishing a fistula usually results in less 
leakage of contents, does not require plug- ATERAL WALL 
ging, and still allows ready access to the 

rumen cavity. 


ceps. 


Fig. 3—Closing 
of abdomen. 


N 
\ 
\ 


Fig. 1—Surgical area of rumen. 


The animal is prepared in the usual manner, 
laid on its right side with its head pillowed to 
avoid regurgitation, and the surgical area pre 
pared as for any major surgery. Nembutal (in 
sheep) is given intravenously until adequate an 
esthesia is obtained. The incision is started mid 
way between the last rib and the tuber coxae as 
near the transverse process of the lumbar vertebra 
as possible and is extended ventrally far enough to 
allow the posterodorsal sac of the rumen to be 
brought through the incision. Circulation of the 
left side of the sac in the region of the dorsal 
coronary band is examined (fig. 1). A vertical Fig. 4—Cross 
fold of the left rumen wall having within it about 
4 in. of the dorsal end cf a vertical vessel with its section of 
radicles is picked up by the left hand and a pair fistula. 
of intestinal forceps applied as in figure 2. An 
other pair is placed adjacent to the first pair and 
the intervening tissue incised. 

The rumen incision is closed by Halsted sutures 
placed over the forceps and tied as the forceps are 
removed. The remaining fold or tube of rumen 
tissue is sutured in a similar manner, leaving the 
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last inch, or so, to be sutured later into the upper 
portion of the abdominal wound to form the open 
ing to the fistula. All but the top 3 in. of the ab 
dominal incision is closed in the usual manner. 
Next, the tube of rumen tissue is sutured into the 
open portion of the abdominal wound in such a 
way that it is subeutaneous and not intraperito 
ueal. This is accomplished by first suturing the 
visceral peritoneum around the tube, about 4 in. 
from its top, to the parietal peritoneum of the 
lower end of the remaining abdominal incision. 
Next, the peritoneum of the remainder of the ab 
dominal incision is closed (fig. 3). The tube of 
rumen wall is then laid into the groove of the in 
cision with the tip dorsal, It is tacked here and 
there for support and the skin sutured over it ex 
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eept for the last inch. The forceps closing the tip 
of the tube are removed and the mucous mem 
brane of the tube sutured to the skin thus complet 
ing the fistula (fig. 4). 
ing is applied to the skin incisions and probing 
and flushing of the fistula avoided until the area 
is well healed. 

The lumen of this type of fistula has a tendency 
to remain 


Collodion or similar dress 


closed because of the 


rounding tissues. 


tension of sur 
Even though coughing may re 
sult in the expulsion of some rumen contents, con 
tinual 
rare. 


leakage as seen in simple fistulas is 
A glass or metal tube for injection of mate 
rial or removal of can be introduced 
through the fistula with ease and without having 
to remove and reapply a plug. 


most 


samples 


An Isolated Rumen Pouch 


R. E. NICHOLS, D.V.M., Ph.D., D.V.Sc. 


Madison, Wisconsin 


IN pHysioLoGicaL and pharmacological 
studies of the rumen, one is constantly 
faced with many difficulties in interpreting 
one’s results. Substances like food, water, 
saliva, bacteria are being added regularly 
to the rumen, while ingesta containing 
fluid, many materials in solution and sus- 
pension, microédrganisms, substances pro- 
duced during the metabolism of micro- 
organisms, gases in solution, and free gases 
are leaving it. Also, there is good reason to 
believe that the rumen is capable of ab- 
sorbing many substances. This set of cir- 
cumstances, plus the complexity of chem- 
ical changes which take place in the rumen, 
complicate any detailed direct study of the 
pharmacodynamics of foodstuffs or medic- 
aments. It is impossible to add a material 
to an ever-changing system like that of the 
rumen, make analysis of ingesta for recov- 
ery, and assume that differences in amount 
are evidence of absorption. And yet, recent 
literature concerning relative absorption 
rates of fatty acids would suggest that 
such an assumption is used for interpreta- 
tion. Similarly, it is a bit on the presump- 
tive side to suggest that amounts of a sub- 
stance in venous blood, greater than those 
of rumen content, are any more than indi- 
rect evidence of absorption, particularly 
without analyses of intervening cellular 
and extra-cellular substance. Even though 
not devoid of inherent difficulties, the use 
of ‘‘tagged’’ radioactive material has of 
fered more direct evidence of absorption 
but apparently only of the simpler 
substances. 

To study rumen absorption without the 
complications of a constantly moving and 
changing ingesta, and without the proe- 
esses associated with eating, salivating, 
belching, and the usual rumen bacterial 
action, a technique for an isolated rumen 
pouch was devised. This was accomplished 
in a goat and it is felt that no major 
changes would be necessary to apply it to 
other ruminants. 
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The animal was held without feed for two days, 
Fasting of such length usually results in a fairly 
fluid rumen ingesta. The entire left flank area 
was clipped and prepared for operation. Nembutal 
was given intravenously in an amount sufficient 
for good anesthesia. The animal was laid on its 
right side with its head pillowed to avoid regurgi 
tation. The operative area was prepared and 
draped. A long vertical incision was made through 
the abdominal wall of the flank beginning just 
below the transverse processes and an inch or 80 
behind the last rib (fig. 1). After control of 
hemorrhage in the incision, the posterodorsal sac 
of the rumen and as much of the rumen as pos 
sible, without stretching it too much, was brought 
through the incision and examined for blood sup 
ply in the region just anterior to the right and 
left dorsal coronary bands, In the schematic (fig. 
2), the approximate location of branching vessels 
and the area of incision of the rumen may be seen. 
In the goat it wis possible to employ long foreeps., 
Two pairs were applied adjacent to each other 
along the line of the proposed incision in the ru 
men, the handles at the dorsum of the rumen and 
the tips 2 in. or so from the posterior groove, An 
incision was then made between the forceps for 
their entire length (fig. 3), thus almost completely 
separating the posterodorsal sac from the rumen 
proper, except for a few inches at the ventrum of 
the sac where the blood supply for the sae was 
located. 

It was necessary next to produce a barrier be 
tween the cavity of the pouch to be formed from 
the posterodorsal sac and the cavity of the re 
mainder of the rumen proper without cutting off 
the blood supply to the pouch. This was accom 
plished by leaving undisturbed that portion of the 
rumen wall which connected the pouch and rumen 


( HOOK BONE 


‘ 
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/ 
LAST RIB H 


/ 
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Fig. 1—Surgical area of abdominal wall. 
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proper, and which contained the blood vessels 
leading to the pouch, and by creating the barrier 
by using the mucous membrane on the inner sur- 
face of the connecting portion. The incision be- 
tween the forceps had to be extended a few inches 
ventrally to make accessible the mucous membrane 
on the inside of the rumen in the region of the 
posterior groove. A double inverted mucous mem- 
brane barrier (fig. 4) between the cavity of the 
pouch and that of the remainder of the rumen was 
made in the following manner. 

Beginning at the lower end of the incision which 
was extended below the forceps, incisions were 
made through the mucous membrane only on both 
the left and right walls of the rumen and extend- 
ing to, and meeting at, the commissure of the 
posterior groove. The mucous membrane at the 
edges of these incisions was separated from the 
rumen wall about 4% in. to make flaps of mucous 
membrane which could be sutured back-to-back to 
form the barrier between the pouch cavity and the 
remainder of the rumen cavity. The suturing of 
the mucous membrane flaps was accomplished by 
the following procedure. 

Starting at the commissure, the lower flap of 
mucous membrane on the right wall of the rumen 
was sutured to the lower flap on the left wall, with 
the edges of the opposed flaps inverted into the 
posteroventral sac of the rumen. In a similar 
manner, the upper flap on the right wall of the 
rumen was sutured to the upper flap on the left 
wall of the rumen with the edges of the opposed 
flaps inverted into the pouch cavity. A cross sec 
tion of these two rows of sutures is illustrated in 
fig. 4. The peritoneal and remaining tissues be 
tween the two rows of mucous membrane sutures 


FORCEPS. 


Fig. 3—Separation of forceps. 
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Fig. 2—Surgical area of 
rumen wall. 


were tacked in a few places to strengthen and 
complete the barrier between the cavity of the 
pouch and the cavity of the remainder of the ru- 
men (fig. 4). The major vessels located in the 
rumen walls and supplying the pouch were avoided 
when the above tacking was accomplished. 

The next suturing task was that of closing the 
openings in the pouch and rumen proper that were 


POUCH CAVITY 


RUMEN CAVITY 
Fig. 4—Method of suturing wall, separating 
pouch and rumen cavities. 


made when the incision between the forceps was 
extended ventrally. Starting at the anterior end 
of the barrier just completed, Halsted sutures 
were used to oppose the peritoneal surfaces of the 
right and left edges of the opening in the pouch. 
The opening in the rumen below the forceps was 
sutured similarly, thus closing all openings in the 
rumen wall except those under the forceps. The 
opening of the rumen under the anterior pair of 
forceps was closed by placing Halsted sutures over 
the forceps and tying them as the forceps were re- 
moved. In a similar manner, the opening in the 
pouch under the posterior pair of forceps was 
closed, except for about an inch at the top to be 
used in making a fistulous opening in the flank 
wall. 

A small vertical incision (2 in.) was made in 
the flank region posterior to the large incision and 
as near to the normal position of the posterodorsal 
sae as could be judged. The unsutured dorsal por- 
tion of the pouch was brought out through this 
incision, the peritoneal surface of the pouch 
tacked to the peritoneal surface at the edge of the 
flank wound, supporting sutures applied where 
necessary, and the mucous membrane of the pouch 
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incision sutured to the edges of the skin, thus com 
pleting the fistula. 

Finally, the ineision areas of the rumen were 
cleaned and flushed with warm aqueous zephiran, 
The long skin incision was then closed in the 
usual manner, cleaned, and dressed. The wounds 
were kept clean and no attempt to flush the pouch 
was made for ten days. Flushing with warm water 
without resultant leakage of ingesta indicated that 
there communication between the pouch 
and the rumen. 


was no 


The animal was destroyed a few months 
later. Postmortem examination demon- 
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strated a completely isolated pouch 
shrunken to half its original size. In all 
probability it would not have shrunk had 
it been kept semidistended with some 
bland material. At least, this has been the 
experience with other types of pouches. 

It would seem that this method of isolat- 
ing a portion of the rumen from the inter- 
fering circumstances mentioned previously 
offers an improved method of studying 


some of the problems of rumen absorption. 


Complement-Fixation Reactions in Equine Virus Abortion 


E. R. DOLL, D.V.M.; W. H. McCOLLUM, M.S.; M. ELIZABETH WALLACE, M.S.; 
J. T. BRYANS, M.S.; MABEL G. RICHARDS, A.B. 


Lexington, Kentucky 


AN eEpizoéTic FoRM of abortion among 
mares and preliminary experiments sug- 
gesting viral etiology were described by 
Dimock and Edwards.' Later studies*** 
more clearly defined the clinical and patho- 
logical characteristics of the disease and 
provided definite evidence of viral etiol- 
ogy. Diagnosis of equine virus abortion 
has been dependent upon familiarity with 
the gross and microscopic pathological 
characteristics of the disease, and the dem- 
onstration of intranuclear inelusion bodies 
in histological preparations of fetal lung, 
liver, or spleen. A complement-fixation 
(CF) procedure for equine virus abortion® 
employed spectrophotometric determina- 
tion of 50 per cent end points and demon- 
strated CF activity in the serums of mares 
that had aborted virus infected fetuses. 

This report presents results of studies 
for development of a simplified CF test 
which was applicable to extensive use in 
epizoétiological survey, in evaluation of 
vaccination procedures, and in studying 
the immunological characteristics of the 
disease. 


MATERIALS AND METHODS 


Serums.—Potentially positive serums were ob 
tained from mares that had aborted fetuses typ 
ically infeeted with the equine abortion virus. 
These serums were collected during periods rang 
ing from a few days to several months after abor 
tion had occurred. Other serums were obtained 
periodically from pregnant mares following intra 
venous inoculation with tissue pre 
pared from the lungs or livers of virus-infected 
fetuses. For negative serums, blood was obtained 
from weanling or yearling Thoroughbreds on 
farms where virus abortions had not occurred for 
several years. The blood samples were placed in 
an incubator at 37C. for three to four hours for 
hardening and contraction of the clot. After cen 
trifugation, the serum was removed, preserved by 
the addition of merthiolate® 1 ; 5000 final con 


suspensions 


The investigation reported in this paper is connected 
with a project of the Kentucky Agricultural Experiment 
Station supported by a grant made by the Grayson Foun 
dation, Inc., and the Keeneland Foundation, and is pub 
lished by permission of the director of the station 

Present address (McCollum), Department of 
nary Science, University of Wisconsin, Madison 

® Eli Lilly Co., Indianapolis, Ind 


Veteri 


centration, and stored in vials at 4C. 
The preservative solution’ consisted of 1 per cent 
merthiolate dry substance in a 1.4 per cent solu 
tion of sodium borate. Immediately before use, all 
serums were inactivated by heating in a water 
bath at 60C. for thirty minutes. 

Sheep Erythrocytes. 


in isotonic sodium citrate according to the method 


screw-cap 


Sheep blood was collected 


of Portnoy et al.,” using 12 volumes of sodium cit 
After 
stor 


rate solution to 10 volumes of sheep blood. 
cooling to room temperature and overnight 
age in the refrigerator, the citrated blood was dis 
tributed in 50-ce. quantities in screw-eap vials and 
stored at 4C. 
dition for the CF test for two to four weeks. 
red washed four 
volumes of saline, packed in 10-ec. graduated cen 
trifuge tubes in an international SB-1 ceutrifuge, 
head 240, at a speed of for ten min 
utes. Sensitization of the obtained by 
mixing a 2 per cent cell suspension with an equal 
volume of hemolysin (2 units per 0.5 ec.) and per 
mitting a fifteen before 
use, 

During the course of this study, variability in 
CF titers of selected serums 
when erythrocytes from different sheep were used. 
Following this experience, 
identified with ear tags, bled, and the performance 
of their cells in the CF test determined. Cells 
from individual sheep caused considerable differ 


The cells remained in suitable con 
The 
more 


cells were times in 10 or 


3,000 r.p.m, 


cells was 


minute reaction period 


reference occurred 


a group of sheep were 


enee in titers of both hemolysin and the reference 
serums: Following these findings, 
lected sheep whose cells provided uniform hemoly 
sin titers and duplication of the CF titers of the 
reference serums were used as cell donors. 


a group of se 


Saline.—This solution was prepared from singly 
distilled water and 0.85 per 


grade sodium chloride. 


contained cent re 


agent Magnesium sulfate 
was not included unless it was necessary to obtain 
suitable activity of the complement. Inclusion of 
buffers appeared to be unnecessary. 

Sheep cell hemolysin prepared by 
with 50 per 


hemolysin em 


Hemoylsin, 
immunizing rabbits preserved 
cent glycerol. Titration of the 
ployed 0.5 ec. of hemolysin dilutions in steps of 
500, 0.5 ee. of a 1:30 dilution of guinea pig 
complement; 0.5 ec. of a 2 per cent suspension of 
1.0 ec. of saline, and incuba 
37 C. hour. The 
highest causing 

units were 


was 


sheep erythrocytes; 
tion in a water bath at 
hemolytic unit was the 
complete hemolysis. Two 
used in all subsequent procedures. 


for one 
dilution 
per 0.5 ee. 
Complement.—This reagent was prepared in our 
laboratories and consisted of pooled serum of 30 


[ 40 ] 
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to 50 guinea pigs per lot of complement. The 
guinea pigs were bled out by cutting the carotid 
artery and jugular vein. The blood was collected 
in 50-ce. centrifuge tubes, placed in a water bath 
at 37 C. for one hour, and then cooled rapidly with 
ice water. After twenty-four hours of storage at 
4C., the blood was centrifuged and the serum was 
removed, pooled, distributed in 1-, 2-, and 5-ce. 
quantities and stored at —40 C, in cork-stoppered 
vials. 

The complement was titrated in the presence of 
the antigen dose used in the CF test. The titration 
employed a 1: 30 dilution of complement using 
quantities of 0.1 to 0.5 ee. in intervals of 0.05 ee., 
saline adequate to bring the volume to 1.0 ce., 0.5 
ec. of antigen, incubation for one hour in a water 
bath at 37C., addition of 1.0 ee. of sensitized 
sheep erythrocytes, and further incubation for one 
hour at 37C. The exact unit’ was the smallest 
quantity causing complete Two full 
units contained in 0.5 ce. were employed in the CF 
test. 

Antigen.—Histological study of the organs of 
fetuses infected with the equine abortion 
suggested three tissues, lung, liver, and spleen, as 
virus sources for the preparation of CF antigens. 


hemolysis. 


virus 


Lesions in the spleen consisted of variable ne 
crosis of the Malpighian bodies and relatively few 
inclusion reticuloendothelial 
Liver lesions consisted of dispersed necrotic foci 


bodies in the cells. 
in the parenchyma, with a variable number of in 
clusion bodies in the hepatie cells bordering the 
The lungs showed the presence of 
inclusion bodies in, and necrosis of, the bronchial 
In sections of many 


necrotic areas. 


epithelium and alveolar cells. 
lungs, it appeared as if the entire cell population 
of the bronchial epithelium and alveolar systems 
either contained inelusion bodies or was undergo 
ing necrosis from the virus infection. In the livers 
and few were affected. 
Earlier attempts” to use liver and spleen for CF 
antigen resulted in very low antigenicity and anti 
properties which precluded their 


spleens, relatively cells 


complementary 

use. 
Predicating that inelusion content and 

the extent of necrotic changes in lung tissue might 


body 


a guide for selecting satisfactory anti 
of grading 


serve as 
genic material, an arbitrary 
lungs from histological sections was devised. The 
lungs were graded from 1+ to 44, according to 
the abundance of inelusion and necrotic 
cells in the bronchioles and Preparation 
and titration of antigens from 24 lungs placed in 


system 


bodies 


alveoli. 


various grades showed an acceptable parallel be 
tween the histological grades and the titers of the 
CF antigen. Lungs placed in the 3+ and 4+ 
grades provided antigens of high titer; antigens 
from lungs of the 1+ grade were seldom usable in 
the CF test; and those from 2+ lungs provided 
antigens of mediocre quality. 

Preparation of Antigens.—Infected lungs were 
frozen and stored at —I18C. until histological 
classification had been made. While in the frozen 
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state, the entire lung was diced into cubes of ap 
proximately 3 to 5 mm. dimensions. The diced 
tissue was washed in a shaking machine using 3 to 
5 volumes of cold saline for each washing until 
almost all hemoglobin had been removed from the 
Approximately 100 Gm. of the washed 
tissue was combined with an equal volume of cold 
saline and disintegrated in a Waring blendor or 
osterizer, using four alternate periods of four min 
utes of blending and thirty minutes of cooling in 
ice water. Then another volume of saline was 
added and the blending and cooling process re 
The ground tissue was centrifuged in a 
Servall centrifuge at 
The supernatant 


tissues, 


peated. 
refrigerator using an SS-] 
12,000 r.p.m. for fifteen minutes, 
fluid was removed, pooled, distributed in screw-cap 
vials, and stored at —18C. Also, antigens were 
prepared with pleural fluid from infected fetuses, 
replacing saline as the suspending medium of the 
ground tissues. Distilled water was employed for 
both the washing and suspending medium for 
other antigens. Neither pleural fluid nor distilled 
water improved the quality of antigens prepared 
from the same tissue. Use of M/15 phosphate buf 
fers, pH 4 to &, as the suspending medium for 
grinding the tissues had no influence either on 
the titer or the final pH of the antigens. 

For other antigen preparations, the washed lung 
two five-minute pe 
alter 
times, 


tissue was disintegrated by 
blending in 2 volumes of 
—I18C, 


riods of saline, 
nately frozen at thawed six 
blended again for two five-minute periods, and 
centrifuged. This procedure resulted in no im 
provement of antigenic quality over that obtained 
by the previous method. 

The sediment from centrifugation of the lung 
tissue suspensions was recovered, suspended in 2 
volumes of saline, and reprocessed for use as CF 
antigen. The resulting supernatant fluid was anti 
genic, usually titering one dilution lower than the 
first 

With the possibility of considerable loss of virus 
from the repeated washing of the frozen tissues, 
attempts were made to prepare from 
fresh tissue. Using finely cut tissues, it was not 
possible to wash blood from the vascular system, 


extraction. 


antigens 


and the hemoglobin content of the antigen was too 
great for satisfactory use in the CF test. Follow 
ing the report of Hiatt ef adsorbent 
were investigated for removal of hemoglobin from 
In this procedure, fresh 


al.,” clays 
the antigen preparations, 
tissues were cut finely in a meat grinder, washed 
lightly in saline, and the excess blood removed by 
straining through 60-mesh gauze. Then the tissue 
was disintegrated with a Waring blendor, or oster 
izer, subjected to alternate freezing and thawing, 
and centrifuged by the same procedure used for 
the washed frozen tissue. The supernatant fluids 
were deeply colored with hemoglobin which was 
removed by adsorption on activated clays. 

Two products, attaclay-SF® florex ®*, 


® Attapulgus Clay Co., Philadelphia, Pa. @®* Floridin 


Co., Warren, Pa 
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200/up mesh, were found satisfactory for the re- 
moval of hemoglobin. Each product was slurried 
with the antigen for ten to thirty minutes and the 
mixture was centrifuged for fifteen minutes at 
3,000 r.p.m. in a horizontal eentrifuge to remove 
the elay. The resulting supernatant fluid was 
slightly opalescent and precipitated upon freezing 
and thawing but with another centrifugation pro- 
vided a clear, stable antigen. Florex was approx 
imately 50 per cent more efficient than attaclay-SF 
for removal of hemoglobin. On a weight per vol 
ume basis, 10 per cent florex adsorbed a quantity 
of hemoglobin approximately equal to 10 per cent, 
Fisher electrohemometer. With each adsorbent, 10 
per cent weight per volume suspensions reduced 
the fluid volume approximately 25 per cent. If 
used in excess of the amount necessary for reduc 
ing hemoglobin content sufficiently for providing 
a usable antigen, both adsorbents lowered anti- 
genicity of the tissue extracts. Attaclay-SF was 
more active than florex in adsorption of the virus. 
Best results were obtained with repeated absorp- 
tions employing 5 per cent of the adsorbent for 
each processing. Usually, there was no loss of 
antigenic titer if absorptions were terminated 
when the antigen was slightly colored with hemo- 
globin. If adsorption was carried to the extent of 
producing water-clear antigens, twofold to eight- 
fold decrease of titer occurred. 

Whole lungs frozen and stored at —18C. for 
periods up to eighteen months have provided satis 
factory antigens. The CF antigens kept well when 
frozen and stored at —18C. in serew-eap glass 
tubes. For several antigens, there was no loss of 
titer during twelve to fourteen months of storage. 

Titration of Antigen.—Box titrations of the CF 
antigens failed to indicate an optimal dilution, 
apparently because of the low quantity of anti- 
genic material in the tissue extracts. The titration 
procedures of Meyer,’ and Enders and Levens," 
which employed serial twofold dilutions of antigen 
and a fixed dilution of positive serums, were 
adapted to the test for equine virus abortion. 


TABLE 1—Complement-Fixation Reactions of 
the Serums of Naturally Infected Mares Follow- 
ing Abortion of Virus-Infected Fetuses 


Complement-fixation 
titers of serums 


Date of Feb. March April June 
Case abortion 22 26 25 
51 F 20 Jan. 
51 F 22 
51 23 
51 F 27 
51 F 31 
51 F 34 
51 F 48 
51 F 50 
F 53 
51 F 57 
51 F 58 
F 59 


= negative test. 
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After some experimentation, a 1:10 dilution of 
positive serum was selected for determining the 
antigen unit. The titration employed 0.5-ce. quan- 
tities of twofold serial dilutions of antigen, 0.5 ee. 
of a 1:10 dilution of positive serum, 0.5 ec. of 
complement, overnight incubation in a refriger 
ator followed by addition of 1.0 ec. of sensitized 
cells, and further incubation in a water bath at 
37 C. for one hour. Suitable controls for each re- 
agent were included. The unit of antigen was the 
highest dilution causing complete fixation of com 
plement. Four units were used in the CF test. 

In use of this titration procedure, it was found 
that the unit of antigen was modified considerably 
by the titer of the serum used, the unit being de- 
termined at a greater dilution by the higher titer 
serums. When used in the CF test, 4 units of 
antigen determined by serums having titers of 
1: 128 to 1: 256 failed to cause fixation of com- 
plement with low titer serums. Accordingly, a 
serum having a titer range of 1:8 to 1: 16 was 
selected as the reference serum for determining 
the antigen unit. Further standardization of this 
unit was obtained by duplication of the CF titers 
of other serums. This procedure of antigen titra- 
tion performed satisfactorily during use of one 
large lot of antigen. Upon preparation of other 
lots of antigen from the same strain of virus, it 
was found that the 4 units determined by the 
1:10 dilution of the reference serum failed to 
duplicate the titers of other serums when different 
lots of antigen were used. Subsequently, a CF 
test unit was selected by determining an antigen 
dilution that would duplicate the reactions of a 
group of reference serums having titers of 1:4 
to 1: 128. In this method, CF tests were made on 
a suitable range of twofold antigen dilutions and 
the group of reference serums, The antigen dilu- 
tion that resulted in duplication of the titers of 
the reference serums was selected as the test unit 
which was used for unknown serums. 

Complement-Fization Test.—This procedure em 
ployed twofold 0.5-ee. serial dilutions of serum, 
0.5 ee. of complement containing 2 full units, 0.5 
ec. of antigen, overnight incubation in a refriger 
ator at 4C., addition of 1.0 ec. of sensitized eryth 
rocytes, and further incubation at 37C. for one 
hour in a water bath. End points were determined 
as the greatest serum dilution causing complete 
fixation. Suitable controls were employed for each 
reagent used in the test. 


EXPERIMENTAL STUDIES 


Table 1 presents the CF reactions of a group of 
mares that were selected to show the variation of 
titers following abortion from natural infection. 
All serums obtained within three weeks after abor- 
tion from natural infection of 50 mares gave pos 
itive CF tests, with titers varying from 1:2 to 
1: 256. For most mares, the titers ranged from 
1:8 to 1:32. When tested periodically at inter 
vals of approximately one month following abor- 
tion, a rapid decrease of CF titer was observed. 
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Twofold to eightfold reduction of CF titer oe- 
eurred during the first month after abortion for 
22 of 27 mares, and 18 of the 27 mares became 
negative to the CF test during the second and 
third months. A few naturally infected mares re- 
tained CF antibody in their serums for six months 
following abortion. 

Typical CF responses following intravenous in- 
oculation of pregnant mares with suspensions of 
infective fetal tissue are presented in table 2. All 
mares in this group were inoculated during the 
seventh and eighth months of the gestation period. 
For the initial inoculation, mares 96 through 019, 
GF, and ROM had intravenous injections of 5.0 
ec. of supernatant fluid from a 20 per cent suspen 
sion of infected fetal lung. After a forty-five day 
period, only 1 mare had aborted, and a second in 
travenous inoculation was made using 40 ec. of 
supernatant fluid from a 10 per cent suspension 
of liver in pleural fluid. Mares 240 and 249 had 
an intravenous inoculation with equine abortion 
virus grown in tissue culture. Following intrave- 
nous inoculation, there was a rapid increase in the 
CF titer of the mare’s serums; only 1 of 32 mares 
inoculated by this route failed to show an increase 
of titer at the seventh day after inoculation. With 
OF tests made at weekly intervals, maximal titers 
occurred at two weeks after inoculation for 30 
mares and at three weeks for 2 mares. The max 
imal titers varied from serum dilution 1:4 to 
1: 1024. At the fourth week after inoculation the 
CF titers were receding in 14 of the 32 mares. 

For the mares whose reactions are given in table 
2, only 3 of the 6 mares receiving a second inocu- 
lation had a slight increase in CF antibody. Since 
the same inoculum was antigenic in other mares, 
this result suggests a state of refractivity to fur- 
ther inoculation. Originally CF negative, mare 
010 had a low titer response to intravenous inocu- 
lation and had lost all demonstrable CF antibody 
at the time abortion occurred. Mare 011 was CF 
negative at the time of the first inoculation, had a 
titer of 1:8 on the seventh day, was negative 
again on the fourteenth day, had no response to 
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the second intravenous inoculation at forty-five 
days, and produced a normal foal. Mare 019 was 
CF positive, having a titer of 1: 16 at the time of 
the first inoculation. Her CF titer increased to 
1: 128 at seven days after inoculation and was 
negative at the thirty-fifth day. She was inocu- 
lated again on the forty-fifth day and aborted a 
virus-infected fetus thirteen days later, fifty-eight 
days following the first inoculation. Mare GF was 
CF negative when inoculated, showed a rapid in 
erease of titer, and aborted a virus-infected fetus 
on the fifty-fourth day. Mare 249 was CF positive 
when inoculated, showed a rapid increase of titer, 
and aborted a virus-infected fetus on the four- 
teenth day. Mares 240 and ROM were CF nega- 
tive when inoculated, had rapid increases of CF 
titers, and produced normal foals. 

With intravenous inoculation using suspensions 
of lung or liver from infected fetuses, 18 mares 
that were CF negative when inoculated produced 
normal foals. Two mares having titers of 1: 2, 
2 mares with titers of 1:4, 2 mares with titers of 
1:8, 1 mare with a titer of 1: 16, and 2 mares 
with titers of 1:32 did not abort as a result of 
intravenous inoculation. Of the mares that aborted 
virus-infected fetuses following intravenous inoe 
ulation, 2 were CF negative, 1 had a titer of 1: 2, 
and 2 had titers of 1: 16 when inoculated. 

During September, October, and November, 
1951, blood was obtained from 756 mares for CF 
tests. Of this group, 24.6 per cent of the mares 
were CF negative and 37.3 per cent caused incom 
plete fixation of complement in serum dilution 
1:2. For serum dilutions 1: 2, 4, 8, 16, 32, and 
64, the percentages of mares causing complete 
fixation were 9.9, 9.5, 12.0, 5.1, 1.3, and 0.1, 
respectively. 

Discussion 

The presence of CF antibody was de- 
tected in the serum of mares which had 
aborted from natural infection and in 
those inoculated intravenously with infee- 
tive tissue suspensions. The CF titers fol- 


TABLE 2—Complement-Fixation Reactions of Mares’ Serums Following Intravenous Inoculation 


with Equine Abortion Virus 


Complement fixation titers of serums 


Days following inoculation 


Preinoculation 


Produced norma! foal 
Produced normal foal 
Virus abortion, 39 days 
Produced norma! foal 
Produced normal! foal 
Produced norma! foal 
Virus abortion** 

Virus abortion, 54 days 
Virus abortion, 14 days 
Produced norma! foal 
Produced normal foal 


* These mares received a second intravenous inoculation forty-five days following the first inoculation. 
** Mare 019 aborted a virus-infected fetus fifty-eight days following the first inoculation, thirteen days after the 


second inoculation. - negative test. 


43 
Mare PE 7 14 21 28 35 58 78 Result 
06* 32 128 64 32 16 16 32 32 
; o9* 2 16 32 32 2 4 4 4 
010 4 4 
011* 
012* 32 32 16 16 4 16 32 16 
0.17* 256 128 $2 64 32 32 
0.19* 16 128 32 16 4 
GF 128 64 64 64 64 
249 y 4 256 512 256 128 
240 64 256 128 64 
ROM 64 128 64 32 32 - 
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lowing virus abortions among naturally in- 
fected mares were very variable, both in 
degree of reaction and in persistence of 
demonstrable antibody. Of 50 naturally 
infected mares examined, all had positive 
CF reactions at the time of abortion or 
curing the subsequent three weeks. In 
nearly all mares, the titer was receding at 
one month following abortion and a ma- 
jority of the mares became CF negative 
during the second and third months. An 
increase of antibody titer was not observed 
in any of the naturally infected mares fol- 
lowing abortion. 

Among 32 mares inoculated intrave- 
nously, there was a rapid production of CF 
antibody with all mares, except 1, becom- 
ing positive or showing an increase in titer 
at seven days after inoculation. One mare, 
010, table 2, became CF positive three 
weeks after inoculation. Except for this 
mare, there appeared to be no difference in 
the rate of antibody response of mares ini- 
tially CF negative or CF positive. Maxi- 
mal titers were obtained within two or 
three weeks, and for most mares the titers 
receded during the second month. 

A study of the serums of 756 mares re- 


sulted in 24.6 per cent CF negatives, 37.3 
per cent incomplete reactions, and 38.1 per 
cent positive reactions. 

In view of these results, the CF test ap- 
peared to have limited utility for diagnosis 


of equine virus abortion. An appreciable 
number of mares on the central Kentucky 
farms had positive titers in the absence of 
known infection. Naturally infected mares 
showed only decreasing titers following 
abortion, a point which may be related to 
the descending titer phase of many intra- 
venously inoculated mares and the incuba- 
tion period of the disease. Known experi- 
mental incubation periods, the time from 
inoculation until abortion occurs, have 
varied from fifteen to sixty-seven days fol- 
lowing intravenous inoculation, averaging 
twenty-one days. It appeared that the in- 
fection and antibody development phase of 
the naturally infected mares had_ been 
passed before abortion occurred. Since the 
abortion virus infection of the mare is 
asymptomatic, except for the actual abor- 
tion, it was not possible to obtain acute 
phase and convalescent serums for titer 
comparison. Under these conditions, a pos- 
itive CF reaction following an abortion 
would provide only presumptive evidence 
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that 
virus. 

The results of the CF tests on the intra- 
venously inoculated mares failed to show a 
relation between the presence or absence 
of CF antibody and refractivity or suscep- 
tibility to infection, as indicated by abor- 
tion of a virus-infected fetus. Refractivity 
adequate for preventing infection and 
abortion of the fetus occurred in both CF 
positive and CF negative mares: 18 resist- 
ant mares had negative preinoculation re- 
actions and 9 resistant mares had positive 
preinoculation reactions. Among those who 
aborted virus-infected fetuses following 
intravenous inoculation, 3 mares were ini- 
tially CF positive and 2 were CF negative. 
From these results, apparently, the pres- 
ence of CF antibody in the serum of a 
pregnant mare does not denote immunity 
against virus abortion, nor does its absence 
indicate susceptibility to an _ infection 
which results in abortion of the fetus. It 
has not been possible to determine if these 
conditions represent infections with immu- 
nological variants of the equine abortion 
virus. 

Regardless of their preinoculation CF 
status, all intravenously inoculated mares 
responded with the production of CF anti- 
body. Significant additional antibody in- 
crease was not obtained from a second in- 
oculation forty-five days subsequent to the 
first injection of virus. This refractivity to 
additional administration of virus sug- 
gested that the CF antibody response fol- 
lowing the first inoculation resulted from 
an infectious process in the mare, not from 
native antigenicity of the inoculum. Ex- 
cept for 1 mare which became CF positive 
during the third week, all of a group of 32 
mares inoculated intravenously showed a 
marked increase of CF titer within seven 
days following inoculation. Of this group, 
19 mares were tested at two-day intervals 
and all became CF positive on the fourth 
to sixth days. ? mares, 


the cause was the equine abortion 


In this group of 32 
27 were refractory to infection and abor- 
tion of the fetus. Failure to obtain abor- 
tions and the rapid increase of CF titer 
suggests that the CF response in this group 
of mares may have been an anamnestic 
tvpe of reaction. Animals suitable for clar- 
ification of this phenomenon have not been 
available. 

Although the CF test for equine virus 
abortion appears to have limited utility for 
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diagnosis and determining the immune 
state of mares, recent findings indicate 
that it will be quite useful in studying 
the epizoétiology of the disease. 


SUMMARY 


Procedures are given for a simplified di- 
rect complement-fixation test for equine 
virus abortion. 

Data are presented on complement-fixa- 
tion reactions of naturally infected mares 
following abortion of virus-infected fetuses 
and on mares following intravenous inocu- 
lation with infective tissue suspensions. 

Application of the complement-fixation 
test to the diagnosis of virus abortion and 
interpretation of an immune state of the 
mare have been discussed. 
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Complement-Fixation Antibody Response Following Administration 
of Equine Virus Abortion Vaccine 


E. R. DOLL, D.V.M.; M. ELIZABETH WALLACE, M.S.; 
J. T. BRYANS, M.S.; MABEL G. RICHARDS, A.B. 


Lexington, Kentucky 


COMPLEMENT FIXATION (CF) with serum 
from mares that had aborted from virus 
infection and saline extracts of infected 
fetal tissue was reported by Randall, Me- 
Vickar, and Doll.' This procedure em- 
ployed spectrophotometric determination 
of 50 per cent end points. Later, Doll et 
al.’ reported a CF procedure that em- 
ployed the conventional direct reading of 
complete hemolysis end points. The latter 
procedure was of equal sensitivity to the 
50 per cent end point method and more 
readily applicable to large scale use. A pos- 
sible application of the CF test was that of 
evaluating vaccination procedures. This 
report presents results of an experiment 
for determining the CF antibody response 
of pregnant mares to several doses of tissue 
vaccine administered by various routes. 


MATERIAL AND METHODS 


The vaecine was prepared from the 
fetuses that were aborted from typical infection 
with the equine abortion virus. Lungs showing 
abundant inclusion in, and extensive 
rosis of, the bronchial epithelium and alveolar 
cells were selected for use in the vaccine. Approx 
imately 50 per cent suspensions were prepared by 
thorough grinding of the tissue in a Waring 
blendor or osterizer. Coarse particles were re- 
moved by straining through 60-mesh gauze. Bae- 
teriological sterility and inactivation of the virus 
were obtained by the addition of 0.35 per cent 
formalin. One lot of vaccine that was prepared 
from the lungs of 8 aborted fetuses was used on 
all mares included in this experiment. The vae- 
cine was stored in the liquid state at 4C. Freez 
ing of formalin-treated vaccine suspensions re 
sulted in coagulation of the tissue components. 

The vaccination procedures were as follows: 
three doses of 0.5 ec. intradermally at weekly in 
tervals, three doses of 1.0 ee. intradermally at 
weekly intervals, three doses of 5.0 ce. subcuta 
neously at weekly intervals, three doses of 0.5 ee. 
intradermally at two-week intervals, three doses of 
5.0 ee. subcutaneously at two-week intervals, and 
one dose of 5.0 ee. subcutaneously followed by 


lungs of 


bodies nec- 
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two doses of 1.0 ee. intradermally at two-week in 
tervals. All vaccinations were made during Sep 
tember, October, and November, 1951. Blood for 
the CF tests was obtained simultaneously with 
each vaccination and at four weeks following the 
last dose of vaccine. The serums were preserved 
by addition of merthiolate (Lilly), 1 : 5000 final 
concentration. The procedure for the CF test was 
described previously.” 
RESULTS 

Mares of the separate vaccination groups 
had approximately equal prevaccination 
serum titer ranges and averages. For the 
prevaccination serums of the 756 mares in- 
cluded in this study, there were 24.6 per 
cent negatives and 37.3 per cent inecom- 
plete reactions at a serum dilution of 1 : 2. 
The percentages of positive reactions for 
serum dilutions 1 : 2, 4, 8, 16, 32, and 64 
were 9.9, 9.5, 12.0, 5.1, 1.3, and 0.1, re- 
spectively. 

Figure 1 presents average serum CF 
titers for three groups of mares that were 
vaccinated at weekly intervals. Increases 
of CF titers were obtained for each group 
at the respective seventh-day periods after 
administration of the first and second doses 
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AVERAGE CF. TITERS OF SERUMS 


TIME IN WEEKS 

Three doses, 0.5 cc. intradermal, 52 mares 

Three doses, 1.0 cc. intradermal, 87 mares 

Three doses, 5.0 cc. subcutaneous, 99 mares — — - 

Fig. 1—Complement-fixation titer response of 
mares to equine virus abortion vaccine admin- 
istered at weekly intervals. Vaccinations were 
made at 0, 1, and 2 weeks. Blood samples were 

obtained at 0, 1, 2, and 6 weeks. 
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of vaccine. For each group, the CF titers 
had receded at the fourth week after ad- 
ministering the third dose of vaccine. The 
average antibody responses from the 1.0- 
cc, and 0.5-ce, intradermal doses of vaccine 
were equal at the second week of the vac- 
cination period, but the antibody level 
from the 1.0-ce. dose persisted at a higher 
level at the fourth week after completion 
of the vaccination series. For the 5.0-ce. 
doses subcutaneously, the CF antibody re- 
sponse was considerably greater during the 
three-week vaccination period, and it per- 
sisted at a higher level at the fourth week 
after completion of the vaccination. 
Figure 2 presents the CF antibody re- 
sponse of three groups of mares that re- 
ceived the tissue vaccine at two-week inter- 
vals. None of the three vaccination pro- 
cedures produced an increasing antibody 
level through the vaccination period as oc- 
curred with the weekly doses. The highest 
antibody level occured at two weeks after 
the first dose of vaccine for each vaeccina- 
tion procedure, as compared to one week 
following the second dose for the weekly 
vaccinations. For both the weekly and two- 
week vaccinations, however, the highest 


antibody level was attained at two weeks 


after the first dose of vaccine ad- 
ministered. 

With vaccinations at two-week intervals 
(fig. 2), the antibody response from the 
initial dose was markedly greater with the 
5.0-ce, subeutaneous doses than with the 
0.5-ce. intradermal doses. For two groups 
of mares that received initial 5.0-ce. sub- 
cutaneous doses, average titers of 52 and 
63 were obtained at the time of the second 
vaccination, the higher average titer occur- 
ring in the group that was continued on 
1.0-ce. intradermal doses. The second two 
doses of 1.0 ce., intradermally, apparently 
were as effective in maintaining the orig- 
inal as were an additional two 
doses of 5.0 ce. subcutaneously. A nearly 
parallel decrease of average titers occurred 
in both groups of mares. At four weeks 
after completion of vaccination, the aver- 
age serum titers were not greatly different 
for the three groups of mares that were 
vaccinated at two-week intervals. 

On a limited number of mares, the CF 
antibody response from vaccination was 
followed by monthly testing. The CF anti- 
body was found to disappear rapidly, 
nearly all mares returning to their original 
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response 
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titers or becoming negative within two to 
four months. 
Discussion 

Since the equine abortion virus can not 
be grown in an alien host, it is not possible 
to study immunological reactions by neu- 
tralization or protection tests. Also, un- 
published data indicate that mares in cen- 
tral Kentucky have a high degree of native 
resistance to infection which produces 
abortion, so that vaccination and challenge 
experiments with pregnant mares produce 
inconclusive results. Therefore, the CF 
test provides the only means presently 
available of measuring antigenicity of var- 
ious vaccine preparations and doses. 

The vaccine prepared from the fetal tis- 
sue obviously was antigenic, stimulating 
the production of CF antibody by the vae- 
cinated mares. The fixation of complement 
by the vaccinated mares’ serums appar- 
ently was specifically related to the pres- 
ence of the equine abortion virus in the 
vaccine and CF antigens. Some of the vae- 
cinated mares, as reported by Doll et al.,* 
produced hemagglutinin against erythro- 
cytes of the types contained in the vaccine. 
This suggested possible fixation of comple- 
ment by antibody against the tissue com- 
ponents of the vaccine, which also would 
be present in CF antigens prepared from 
fetal lung tissue. In investigation of this 
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AVERAGE CF. TITERS OF SERUMS 


i 
4 
TIME IN WEEKS 
Three doses, 0.5 ce. intradermal, 90 mares 
Three doses, 5.0 cc. subcutaneous, 107 mares 
5.0 subcutaneous, 1.0 intradermal, and 1.0 cc. 
intradermal, 105 mares — — — — 
Fig. 2—Complement-fixation titer response of 
mares to equine virus abortion vaccine admin- 
istered at two-week intervals. Vaccinations 
were made at 0, 2, and 4 weeks. Blood samples 
were obtained at 0, 2, 4, and 8 weeks. 
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possibility, serums from mares that showed 
strong hemagglutinin responses as a result 
of the vaccination were selected for critical 
study. With these serums, there was no 
fixation of complement when they were 
tested with antigens prepared from lungs 
of normal fetuses. For further study of 
possible nonspecific fixation of comple- 
ment, serums from mares with high hem- 
agglutinin titers were tested against an 
erythrocyte stroma antigen prepared from 
cells against which the mares were specific- 
ally immunized. With this antigen, there 
was only a very weak fixation of comple- 
ment. Therefore, it was concluded that 
antibody against tissue or red cell compo- 
nents of the vaccine had no measurable 
influence on the vaccine-induced CF titers 
obtained with the virus-containing CF 
antigens. 

As indicated by the CF response, the 
doses of 5.0 ce. subcutaneously might be 
expected to produce stronger immuniza- 
tion against equine virus abortion than the 
1.0- and 0.5-ce. doses intradermally. The 
average CF titers resulting from the 5.0- 
cc. doses were appreciably higher than for 
the smaller doses. In general, the CF anti- 
body receded at comparable rates in the 
different groups of mares. The CF anti- 
body titers resulting from the 5.0-ce. sub- 
cutaneous doses were of the same degree as 
those resulting from natural infections and 
abortion of virus-infected fetuses. Also, 
titers induced by the vaccine receded at 
approximately the same_ rate those 
resulting from natural infection and 
abortion. All mares receiving the vaccine 
responded with the production of CF 
antibody. 

If the tissue vaccine stimulates produe- 
tion of protective immunity in parallel 
with the CF antibody response, the CF 
test provides a readily usable means of es- 
timating the immunizing value of the tis- 
sue vaccine, However, the relation of CF 
antibody to immunity of the mare has not 
been apparent in studies presently com- 
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pleted.? In these, it was found that abor- 
tion in virus-infected fetuses resulted from 
intravenous inoculation of mares that were 
initially either CF positive or CF negative. 
Also, resistance adequate to prevent abor- 
tion was found in both CF-positive and 
CF-negative mares. Obviously, an immune 
state was present in CF-negative mares 
and a susceptible state was present in CF- 
positive mares. The possibility of immu- 
nologically different virus strains causing 
the abortions in the CF-positive mares has 
not been determined. 

The 5.0-ec. subcutaneous of the 
vaccine were tolerated satisfactorily. <A 
large number of mares showed discomfort 
immediately after injection of the vaccine, 
apparently because of the irritating effect 
of the formalin. Infection at the site of in- 
jection occurred in only 2 mares. With the 
intradermal doses, superficial, localized in- 
fection at the inoculation site was quite 
common. This appeared to be a result of 
injection of the vaccine too superficially, 
with consequent slow absorption and bac- 
terial invasion of the inoculation site. 


( loses 


SUMMARY 


A tissue vaccine prepared from lungs of 
virus-infected equine fetuses stimulated 
production of CF antibody in vaccinated 
mares, Stronger antibody response re- 
sulted from 5.0-ce. doses subcutaneously 
than from 1.0- and 0.5-ce. doses intraderm- 
ally. The relation of CF antibody to im- 
munity against equine virus abortion has 
not been determined. 
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Toluene Against Ascarids and Bots in Horses 


L. R. SINCLAIR, D.V.M., and F. D. ENZIE, D.V.M. 
Beltsville, Maryland 


CARBON DISULFIDE, commonly employed for 
the removal of large roundworms, Par- 
ascaris equorum, and bots, Gasterophilus 
spp., from horses, frequently causes gas- 
tritis with sloughing of the mucosa and 
must be given cautiously, especially to 
foals. This and other considerations have 
long evidenced the need for a safer treat- 
ment. Because toluene exhibited signifi- 
cant anthelmintic action against ascarids 
and other parasites in dogs, chickens, and 
pigs,’:* and was lethal to bots in vitro (un- 
published data, 1946), this chemical was 
selected for critieal testing in horses. The 
results, too meager to warrant publication 
heretofore, are now presented because sim- 
ilar trials have recently been described by 


EXPPRIMENTAL PROCEDURE AND RESULTS 


In critical trials, the chemical was given at dose 
rates of 0.1 to 0.2 ce. per pound of body weight. 
The animals were fasted for twenty-four hours be 
fore treatment and feeding was resumed two to 
four hours thereafter. In all other respects, the 
procedure was essentially as described by Haber 
mann et al.* in 1941. The given in 
the following protocols. 


results are 


Horse H-1;* 30 years old; 900 Ib.; 90 ee. 
by stomach tube Jan, 6, 1947. Except for some 
congestion of the apex of the cecum and distal 
end of the ventral colon, all organs appeared 
to be normal at autopsy three days after medi 
eation. The treatment removed 38 per cent 
(10) of 26 bots. 

Horse S-1; 2 years old; 395 Ib.; 40 ee. in 
eapsules March 2, 1949. The chemical was com 
pletely effective against 2 ascarids, and it re 
moved 5 of 6 Gasterophilus nasalis and 40 per 
cent (27) of 66 Gasterophilus intestinalis, 

Horse 8-2; 2 years old; 241 Ib.; 43 ee. in 
capsules March 29, 1949. The treatment was 
wholly effective against 3 ascarids, and it re 
moved the lone G. nasalis and 71 per cent (64) 
of 89 G. intestinalis. 

Horse 8-5; 5 years old; 516 Ib.; 105 ee. in 
ecapusles Feb. 26, 1951. The drug removed all 
of 9 G. intestinalis. 

Horse 8-7; 1 year old; 380 lb.; 76 ee. in cap 


sules March 28, 1951. No significant changes 
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occurred in daily hematocrit determinations and 
white blood cell counts from March 26 to April 
4, 1951. The 


(3) of 29 bots. 


treatment removed 10 per cent 


In the aggregate, dosages of 0.1 to 0.2 ce. per 
pound of body weight all of 5 asearids 
from 2 horses and 52 per cent (119) of 226 bots 
there 
strongyles. 


removed 


from 5 horses; was no significant action 
against 

The chemical was well tolerated in all respects, 
and the larger dosage had no deleterious effect on 
the hematopoietic system of 1 horse, Other than 
slight, localized enteritis in 1 animal, no signifi 
cant lesions were found at autopsy from three to 
fourteen days after treatment. 

In toxicity trials, 2 horses were given the chemi 
eal daily for varying periods in grain feed. Horse 
H-2, 7 years old, weighing 350 lb., was given 10 
ec. daily from January 20 to February 3, and 20 
ec. daily from Feb. 4 to 12, 1947. Treatment was 
discontinued February 13 because the animal was 
lethargic and had developed a rough hair coat. 
There was improvement following withdrawal of 
the drug and, except for the rough coat, the ani 
mal was apparently normal two days later. 

Horse H-3, 2 years old, weighing 300 Ib., was 
given 20 ce. daily from August 25 to September 3, 
and 40 ec. per day Sept. 4 and 5, 1947. There was 
no evidence of intoxication, and the animal was 
returned to pasture three days after the final dose. 

Discussion 

The data presented, together with infor- 
mation available from other sources,*:*:' 
suggest that toluene may be a safe and 
effective treatment for the removal of as- 
carids, and possibly also of bots, from 
horses. A dosage of 10 ce. per hundred- 
weight may be adequate for the removal of 
ascarids when the chemical is administered 
after an appropriate fasting period; and 
20 ce. per hundredweight has been shown 
to be effective in animals on full feed.° 
Although the disadvantage of preparatory 
fasting is recognized, it may be considered 
less objectionable than a twofold increase 
in dosage. In this connection, the digestive 
disturbances noted in young animals fasted 
prior to treatment with carbon disulfide*® 


* Trials with horses H-1, H-2, 
by Dr. R. T 


and H-3 were conducted 
Habermann who transferred Nov. 1, 1947, 
to the Pathological Division, U. 8. Bureau of Animal 
Industry. He is now at National Institutes of Health, 
U. 8S. Public Health Service, Bethesda, Md 
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may be ascribable largely to the irritant 
action of the drug rather than to the inter- 
ruption of feeding. Of particular interest 
in this regard is the notation by Graham 
and Alford that there was severe slough- 
ing of the lining of the stomach when 
carbon disulfide was used against bots, 
whereas the stomachs of horses treated 
with toluene appeared more nearly nor- 
mal. Thus, it is desirable to obtain addi- 
tional information on the lower dosages of 
toluene administered after a suitable fast- 
ing period. The chemical has not been 
uniformly effective against bots, but  re- 
sults obtained in limited trials with an 


emulsion administered by stomach tube? 
appear particularly promising. 


SUMMARY AND CONCLUSIONS 
1) Toluene removed all of 5 asearids 
and 52 per cent of 226 bots from 2 and 
5 horses, respectively, when administered 
in dosages of 10 to 20 ee. per hundred- 
weight after a fast of twenty-four hours. 
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2) The chemical was well tolerated in 
all respects, and no significant lesions were 
found at autopsy. 

3) These and other available data indi- 
cate that toluene warrants further investi- 
gation as an equine parasiticide, especially 
in ascariasis. 
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Studies on the Pharmacodynamics of Curare in the Horse 
|. Dosage and Physiological Activity of 
d-Tubocurarine Chloride 


NICHOLAS H. BOOTH, D.V.M., M.S., and A. DONALD RANKIN, D.V.M., M.S. 
Fort Collins, Colorado 


(URARE HAS BEEN KNOWN to the white man 
for over 350 years and to the savages of 
South America for unknown centuries. 
There are many stories of arrow poisons in 
the early literature about South America. 
The earliest use of curare for arrow poison 
is lost in antiquity. The history of **flying- 
death,’’ taken from tales of South Ameri- 
can is both fascinating 
and mysterious. 


LITERATURE CITED 


In reviewing the literature, numerous ways of 
pronouncing and spelling curare were encountered. 
MelIntyre™ wrote that the word curare is a generic 
term which was applied indiscriminately to several 
South American arrow poisons, and that only a 
few were actually ‘‘curares.’’ According to Gill,’ 
curare is of uncertain origin and has degenerated 
into a term employed for all Indian arrow poisons. 
The term ‘‘eurare’’ as now used in-medical litera 
ture refers entirely to the motor nerve-paralyzing 
material obtained from the plant, Chondrodendron 
tomentosum, 

Early experimentation with ecurare dates as far 
as the eighteenth century 


back when Herissant “ 


made a sketchy study of various insects, reptiles, 
and 


horses which died on an average of eight minutes 


animals. He deseribed an experiment on 6 
following eurare injection into their rear limbs. 
From 1850 to 1856, Pelouze et al.“ and Bernard* 
first to make a scientific study of the 
and pharmacological 


were the 
physiological 
Bernard’s unique experimentation on frog 
skeletal muscle revealed that curare blocked motor 
nerve transmission but did not affect the sensory 
work has 


properties of 
eurare, 


nerves, His classical been confirmed 
numerous times by subsequent investigators. 

In large doses, curare not only blocks transmis 
sion of nerve impulses to skeletal muscle but also 
blocks 


and 


synaptic transmission between 
onic postganglionic fibers of the 


nervous system.” ” Moreover, it does not extend to 


pregangli 
autonomic 


structures innervated by postganglionic fibers, 

From the Department of Physiology, Colorado A. & M 
College, Fort Collins 

The data herein are taken from a thesis submitted by 
Dr. Booth to the Graduate School, Colorado A. & M. Col- 
lege, Fort Collins, in partial fulfillment of the 
ments for the degree of master of science in physiology, 
June 1951, and are published with the approval of the 
dean of the Graduate School 


require 


Bennett * de 
scribed the symptoms of curare paralysis in the 


such as glands and smooth muscle.’ 


human being as occurring in the following se 
quence: the patient first complains of haziness of 
followed by bilateral with slight 
then sagging of the 
facial muscles with relaxation of the jaws. At this 
point, there is both tightness of the throat and 
Following these symptoms, 
neck 
head are suc 


vision, ptosis 


nystagmoid movements, and 


huskiness of the voice. 


generalized heaviness and weakness of the 


muscies with inability to raise the 
ceeded by weakness to complete paralysis of the 
The last symptom 
respiration 


intercostal 


spinal muscles, legs, and arms, 


noted is the appearance of shallow 
which is due to the weakening of the 
and 


verse order. 


musceles diaphragm. Recovery is in the re 

The curare preparations employed by early in 
vestigators were crude extracts and their physio 
logical pharmacological effects were unpre 
dictable. painstaking efforts of 
modern chemical research, a physiologically active 
alkaloid 


crude 


and 
Through the 


isolated from the 
gave dependable re 
Following isolation of the pure curare al 


(d-tubocurarine ) 
which 


was 
preparations 
sults.” 
kaloid, there has been wide c¢linical application of 
the drug in human medicine but only limited ap 
plication in This limited 
application, in the veterinary field, stimulated our 
study in the horse. It is desirable that such studies 
be undertaken before they are extended to clinical 


veterinary medicine, 


applications. 


MATERIALS AND METHODS 


The 10 horses used for this study were of vary 
They were ob 
tained from the local auction sales ring and aceu 
rately weighed before the experiment. 
was administered intravenously as rapidly as pos 
sible, starting with a dose of 4 unit per pound of 
body weight and 
unit until a toxic dose was established. 


ing ages, breeds, sizes, and sexes. 


The curare 


increments of 
A separate 
trial was made on each dose level with a minimum 
time of twenty-four hours between trials. A total 
of 39 experiments was performed. 

The 


ment 


increasing in 


* used 


curare preparation in this experi 
is a standardized crystalline substance ob 
tained from the South American plant, Chondro 
dendron The product is supplied as 


an aqueous solution with 200 units of curare in a 


tomentosum, 


* Intocostrin supplied by E. R New 


York, N.Y 


Squibb and Sons, 
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10-ce, vial. A unit of curare is equivalent to 0.15 
mg. of d-tubocurarine chloride. The preparation 
was not diluted for use in the experiment. 

Drug effects were observed primarily on the: 
(1) nervous system; (2) thermal regulatory mech 
anism; (3) cardiovascular system; (4) 
tory system; and (5) muscular system. 
The nervous system was stim 


respira 


Nervous System. 
ulated to determine if the curare were capable of 
blocking the myoneural junction. The myoneural 
junction was tested by stimulating the skin and by 
stimulating over the ulnar nerve with an electrical 
stimulus of 250 volts at a frequency of 100 stimuli 
per second. The unipolar technique deseribed by 
Howell ® was used to test the effectiveness of the 
myoneural junction block. If loeal muscle contrac 
tion occurred, it was assumed that 
were being directly stimulated, but if generalized 
motor activity (other limbs than the one stimu 
lated responding) occurred, it was assumed that 


muscle fibers 


sensory nerves were stimulated and spinal reflexes 
evoked. Any motor activity, other than from local 
stimulation, fune 
tional myoneural junctions and of failure of the 
ecurare to effectively block the junction. The test 
intervals for thirty 
was ob 


was accepted as evidence of 


three-minute 
maximal 


was made at 
minutes, or until a 
tained, whichever was longer. 

Thermal Regulatory Mechanism.— The 
temperature recorded immediately 
curare administration and at five-minute intervals 
for thirty after the administration of 
curare. 

Cardiovascular System.—The pulse rate was re 
corded immediately prior to curare administration 
and following curarization. The first pulse rate 
was recorded in two minutes and then at five-min 
ute intervals for thirty minutes. Cyanosis was 
noted whenever it occurred. 

Blood pressure kymograms were obtained on 5 
of the horses. The horses were restrained on an 
operating table, 2 per cent procaine hydrochloride 
was infiltrated around the facial artery as it 
passes anterior to the masseter muscle, and the 
artery was cannulated and connected with a mer 
cury manometer which recorded blood pressure on 
a Gorrell and Gorrell long paper kymograph. A 5 
per cent sodium citrate solution was used in the 
mercury manometer to prevent clotting. In each 
control record was obtained prior to 


response 


rectal 


was prior to 


minutes 


instance a 
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injecting a dose of curare known to be capable of 
paralyzing the respiratory muscles. A continuous 
record was made covering the preinjection, injee 
tion, and recovery periods. 

The respiratory rate was 
When 
respiratory failure occurred, it was noted and the 
length of artificial respiration 


was 


Respiratory System. 
recorded at the same time as the pulse rate. 


time of required 
recorded, Artificial 
the technique described by 


was admin 
istered by Rankin et 
al.” until natural respiration was restored. Prior 
to the development of a technique of artificial 
respiration, prostigmine 1: 1,000 solution was em 
ployed to antidote the respiratory arrest, but it 
was found to be ineffective for this purpose. 


respiration 


Muscular System.—Sporadic struggling unre 
lated to the application of stimuli was noted and 
an attempt was made to relate it to asphyxia or 
voluntary movement. 


EXPERIMENTAL RESULTS 


Studies on Curare Dosage.—Results ob- 
tained indicated that %g unit of curare per 
pound of body weight could be used as the 
maximum safe dose in the horse when in- 
jected rapidly. There were no untoward 
effects with this dose. In doses over *%%& unit 
per pound of body weight slight to severe 
respiratory muscular paralysis ob- 
served. All.of the horses were able to re- 
main standing with the 14-unit dose level, 
5 horses fell due to muscular relaxation 
with the *-unit dose level, and all horses 
fell when the dose was increased to 1% unit 
and above. Toxie effects of the drug were 
noted in 8 horses when 1% unit of curare 
per pound of body weight was used, in 1 
horse when 5g unit of curare per pound of 
body weight was used, and in 1 horse when 
Ye unit of curare per pound of body 
weight was used. Table 1 summarizes the 
established toxic doses of curare emploved 
in this experimental series. 

Curare on Spinal Reflex Activity—In 
all 10 horses, curare failed to abolish the 
spinal reflexes. All horses, except 1, re- 


TABLE 1—E€Effect of Established Toxic Doses of Curare on 10 Horses 


Dose of curare 
required to 
produce res- 


No. of horses * Inter 


* Diaphrag- 


Time to go 
down fol 


Length of time 
required for 


Time 
down 
(minutes) 


lowing the 
injection 


artificial 
respiration 
(minutes) 


matic 
muscle 
activity 


individually costal 
affected by 


the dosage 


piratory em- 
barrassment 
(unit/Ib.) 


muscle 
activity (minutes) 
32.0-51.5 
39 


1 5.6 0.5 68.5 


x + to — 5.0-11.0 0.3-2.5 
% 1 4- 5.0 
% 


equals slight intercostal or diaphragmatic 


* — equals negative intercostal or diaphragmatic activity; + 


activity; ++ equals optimum intercostal or diaphragmatic activity. 
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tained spinal reflex activity. In this ani- 
mal, the spinal reflex activity was slightly 
present for the first nine minutes following 
the intravenous curare injection, and then 
the reflex activity was present for the re- 
mainder of the experiment. 

Curare on Rectal Temperature.—A re- 
duction in the rectal temperature of 0.3 to 
2.7 F. occurred in 5 horses, and an increase 
in the rectal temperature of 0.1 to 1.2 F. 
occurred in 2 horses. In 3 animals, there 
were no temperature changes. 

Curare on Pulse and Respiratory Rate. 

The pulse rate varied in all 10 horses 
following intravenous injection of curare. 
Neither pulse nor respiratory rate changes 
were consistent. of curare that 
caused partial to complete paralysis of the 
respiratory muscles were responsible for 
asphyxiation (table 1). Artificial respi- 
ration was necessary in these animals 
until recovery of the respiratory muscles 
occurred. 

Effect of Curare on Blood Pressure. 
The blood pressure tracings which were 
obtained from 5 of the horses while receiv- 
ing toxic doses of curare showed no marked 
changes during the intravenous curare in- 


Doses 


jection, but when partial to complete res- 


piratory paralysis occurred the tracings 
showed a definite rise in blood pressure in 
all animals. When artificial respiration 
was employed, the blood pressure returned 
to near normal levels in each instance indi- 
cating that there was adequate ventilation. 
Graph 1 summarizes the trend of action of 
curare on the blood pressure of 5 horses. 


DiscUSSION 


Results obtained from this study showed 
that curare did not abolish all reflex ae- 
tivity in the horse, even when used in 
amounts sufficient to cause respiratory pa- 
ralvsis. It is possible that the myoneural 
junction of skeletal muscle in the horse 
differs from that of man and dog in some 
unknown physiological manner. It is 
known that a species variance exists 
with respect to the action of curare, but no 
one has attempted to explain the nature of 
the variations. 

It may be that the chemical mediator for 
transmission of nerve impulses differs or 
that the motor-end plate differs from dog 
and man by some histological variation. It 
is known, for instance, that parasympa- 
thetic myoneural junctions imbedded in 
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the interior of smooth muscle cells of the 
small intestine and urinary bladder are 
not affected by large doses of atropine 
whereas, on the surface of these cells, atro- 
pine is very effective in blocking the para- 
sympathetic nerve impulses.'' If the motor- 
end plate sites vary in skeletal muscle cells 
of the horse as they do in smooth muscle 
cells of the small intestine and urinary 
bladder, this may explain why curare does 
not effectively abolish all spinal reflexes. 
Research along this line should be con- 
tinued to prove or disprove these assump- 
tions. Even though complete loss of spinal 
reflex activity was not obtained in the 
horse, curare was capable of causing skel- 
etal muscle paralysis to the extent that the 
animals were unable to stand. 

Tavares de Macedo and Xavier?” in 
Brazil used a curare-like drug, bebeerine 
dimethylether methochloride, principally 
for restraining cattle and horses. It is 
questionable whether d-tubocurarine chlo- 
ride could be used in the horse for restrain- 
ing purposes. It may have value in reduc- 
ing the struggling and the risk of fractures 
or dislocations that are encountered during 
the casting of highly nervous individuals. 
When the curare dose was adequate to 
cause paralysis, all the horses in this study 
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Graph 1—Summary of the effects of toxic doses 
of curare on the blood pressure of 5 horses. 
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fell to the ground easily without any type 
of injury or risk of injury. 

When asphyxiation occurred due to res- 
piratory paralysis, there was increased spi- 
nal reflex activity in all of the horses. This 
increased reflex activity has been observed 
in dogs by Everett.” The work of Mautner, 
et al.** and MeIntyre, et al.** indicates that 
asphyxia in dogs apparently renders the 
myoneural junction somewhat more resist- 
ant to paralysis. 

In all artificial respiration 
proved most satisfactory in correcting res- 
piratory failure. Neostigmine was used to 
antidote over-curarization at the beginning 
of this study, but was abandoned because 
it appeared to aggravate the already exist- 
ing respiratory paralysis and to enhance 
circulatory collapse. 

The sequence of respiratory paralysis in 
the horse following curare is- the same as 
reported for man.*® The intercostal and di- 
aphragmatic muscles are the last to become 
affected. Cullen’? observed in man that 
respiratory depression is characterized by 
complete intercostal paralysis and shallow, 
jerky movements of the diaphragm; this 
depression lasts only five minutes. Our 
work agreed with Cullen’s observations. 
Artificial respiration was usually necessary 
for two to fifteen minutes to restore normal 
function of the intercostal and diaphrag- 
matic Pickett reported that 
dogs suffering from respiratory paralysis 
regained the use of their leg muscles before 
regaining the use of their respiratory 
muscles. Possibly he confused the limb 
movements which occur concurrently with 
asphyxiation. 

Whitacre and Fisher *? reported that 
large doses of curare in the human being 
produced thick, tenacious, mucous secre- 
tions in the mouth and pharynx which 
were dangerous because they might be as- 
pirated into the lungs. No similar condi- 
tion was observed in the horse. 


horses, 


muscles, 


The blood pressure of the horse was not 
influenced directly by ecurare but was in- 
fluenced indirectly whenever asphyxiation 
occurred from paralysis of the respiratory 
muscles. It is an established physiological 
fact that carbon dioxide accumulates from 
asphyxia causing a rise in the systemic 
blood pressure. Immediately after paraly- 
sis of the respiratory muscles, cyanosis was 
observed and blood pressure began to 
climb rapidly. Artificial respiration was 
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very effective in restoring blood pressure 
to a normal level, and cyanosis was not ob- 
served when adequate ventilation was 
provided. 

Depending on the dose, peak curariza- 
tion in the horse was reached from one-half 
to four minutes after rapid intravenous in- 
jection of the drug; curarization lasted 
from fourteen to sixty minutes. Similar 
observations have been reported in human 
medicine.*:'* The range between the maxi- 
mum safe dose and the toxic dose of curare 
in the horse appears to be very narrow, as 
is the case in dogs and man.*:":'* 

In this work on horses, there were occa- 
when nervousness and 
existing prior to administration of curare 
appeared to intensify and prolong the dur- 
ation of curarization. This appeared in 2 
animals at the beginning of the individual 
experimental series and agrees with the 
work of Schmidt and who ob- 
served that forced exercise in rabbits 
hastened the onset and intensified the pe- 
riod of curarization. 


sions restlessness 


Chase ** 


When peak ecurarization was reached in 
the horse, the subjects gave evidence of 
pain when the spinal reflexes were tested. 
It is agreed'*:'* that no analgesic or anes- 
thetic action can be attributed to curare. 

In the dog, MelIntyre*! and Pickett * 
observed salivation, retching, and vomit- 
ing, as well as defecation and micturition 
following administration of curare. These 
were not observed in the horse. 


SUMMARY 


1) The action of curare on several phys- 
iological activities observed in 10 


horses. 


Was 


2) The maximum safe dose in the horse 
appears to be %4 unit per pound of body 
weight. This dose, however, was adequate 
to paralyze only 5 of the animals. 

3) Curare doses above *%g unit per 
pound of body weight were sufficient to 
paralyze each animal tested 

4) Doses of curare up to, and including, 
the established toxic for each 
failed to abolish spinal reflex activity. 


dose horse 


5) Blood pressure studies made on 5 of 
the 10 horses showed that curare had no 


direct effect on blood The only 
effects observed were due to the asphyxia- 
tion that followed respiratory paralysis. 


pressu re. 
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Studies on the Pharmacodynamics of Curare in the Horse 
Il. Curare as an Adjunct to Chloral Hydrate Anesthesia 


NICHOLAS H. BOOTH, D.V.M., M.S., and A. DONALD RANKIN, D.V.M., M.S. 


Fort Collins, Colorado 


LITERATURE CITED 

human 
teta 
has 


with suecess in 
medicine for alleviating muscle 


nus, 


Curare has been used 


and convulsive shock therapy.”” It 
been used in conjunction with general anesthetic 
agents to obtain skeletal muscle relaxation during 
surgery.” Curare’s musele-relaxing 
has made possible a lighter plane of surgery dur 
ing anesthesia, so reducing the need of subjecting 
the patient to dangerous levels of anesthesia.” It 
is noteworthy that some of these uses should re- 
ceive attention in veterinary medicine. With these 
ideas in mind, a study was made to determine the 
value of curare as an adjunet to chloral hydrate 
anesthesia in a horse. Booth and Rankin * have re 
ported that curare did not abolish spinal reflex 
activity in the horse. Knowing this, it was decided 
to find out whether or not spinal reflex activity 
would be affected when curare was used in 
junction with chloral hydrate. It was also desired 
to determine whether or not the amount of chloral 
hydrate could be reduced so that the safety margin 
(It is, of course, realized that 
anesthesia 


properties 


could be increased. 
the subject of 
that, pharmacologically, chloral hydrate is not con 
sidered an anesthetic agent. However, we 
using the term chloral hydrate anesthesia as syn 
onomous with the profound hypnosis that is ob 
tained from its use merely for convenience. ) 

The use of curare in human medicine has been 
limited until the last decade. Since that time there 
has an upsurge of interest, and at present 
there is a wide use of the drug. It was announced 
by Wintersteiner and Dutcher” in 1942, that 
of the deadliest of all poisons used by the natives 
of South America on their arrows to kill game and 
enemies soon would be made available to medicine. 
Following this announcement, the first use of cu 
rare in conjunction with general anesthesia to im 
prove muscular relaxation was reported by Griffith 
and Johnson.” By 1944, Griffith ® had used curare 
in conjunction with general 
patients. 

Cullen” stated that there are certain inadequa 
cies in the ability of present day anesthetic agents 
and techniques to provide an optimal 
musele relaxation in surgical procedures, 


is a complex one and 


are 


been 


one 


anesthesia on 90 


state of 
The re 


From the Department of Physiology, Colorado A. & M. 
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Dr. Booth to the Graduate School, Colorado A. & M. Col 
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ments for the degree of master of science in physiology, 
June, 1951, and are published with the approval of ‘the 
dean of the Graduate School. 


sult is that many situations arise in which the pa 
tient is subjected to near lethal 
thesia. Cullen proposed curare, not as a 
but as another adjunct to anesthetic drugs in an 
attempt to secure safer anesthesia for the patient, 
and 


ranges of anes 


panacea, 


better operating conditions for the surgeon, 
more peace of mind for the anesthetist. 

A review of the literature indicates that the use 
of curare in veterinary prac 
tically nil. The value and usefulness of this drug 
has yet to be 
along this line may 
It is possible that curare will 


medicine has been 
research activities 
potential value. 
useful a 


accepted, and 
indicate its 
find as 
place in veterinary medicine as it has in human 
medicine. 

In Brazil, Tavares de Macedo and Xavier™ re 
ported experiments on 32 dogs, 36 horses, and 25 
eattle in which they used a curare-like drug known 
as bebeerine dimethylether metochloride. Accord 
ing to these investigators, one of the chief uses of 
this product is the restraint of large animals. They 
also suggested that the drug may be used in treat 
ing spastic muscles. 

In an anonymous 
will it stage a 
According to this article, curare was used before 
the turn of the century on afflicted with 
The crude curare extract was mixed with 
heavy molasses and smeared on the patients’ teeth 
in the hope of locked This 
practice was abandoned because the results of the 
treatment were not consistent. 
present that curare taken orally has no appreciable 
effect.” 

In Pickett’s™ found 
that *% unit of curare per pound of body weight is 
with 
light thiopental anesthesia. He 
also showed that 4% or 4% unit of curare per pound 
of body weight is dangerous during ether anesthe 
ether 
sesses a curariform action of its own and, in order 
with 


raised. 


report’ the question, 


rare come-back?’’ was 


horses 
tetanus. 


loosening the jaw. 


It is recognized at 


experiments on dogs, he 


the most advantageous amount when used 


pentobarbital or 


sia. According to Cole’ and Cullen,” pos 


to use it successfully, in conjunction eurare 
reduced one-third. 


very lim 


the amount of ether must be 

According to Dinsmore,” curare has a 
ited field of usefulness in veterinary medicine, be 
ings perhaps most useful in the repair of fractured 
Pickett has 
reported wide clinical use of curare in 250 canine 


bones. Since Dinsmore’s comment, 
surgical cases. He has used it during surgery in 
animals that suffered from shock caused by in 
juries and diseases. Curare was used successfully 
by Pickett in performing cesarean sections, repair 
of bone fractures, repair of dia 
phragmatie hernias, and in instances where even 


anal surgery, 
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tration interfered with proper surgical manipula 
Brinker® has reported using a mixture of 
surital sodium and curare intravenously in small 
This combination was used with 


tions. 


animal surgery. 
success on 72 clinical cases. 

After using d-tubocurarine intramuscularly as a 
palliative treatment for spastic paralysis in 9 
dogs, Davidson™ expressed the opinion that this 
type of therapy imparted no curative powers but 
it promoted relaxation and thus perhaps allowed 
nature and the symptomatic treatment to be of 
benefit to the patient. 

Ripps ” reported successful use of d-tuboeura 
rine chloride as part of the treatment in a case of 
tetanus in a dog. 
made a limited survey of the clinical 
effects of curare in 6 dogs, 4 pigs, 3 
calves, and 1 kitten. He claimed that dogs appear 
to tolerate curare better than lambs, calves, and 
pigs. amounts of which de 
pressed, but did not stop, the respiration of large 
animals. According to him, the doses used relaxed 
skeletal muscles of lambs, pigs, and calves enough 
to be helpful during restraint but probably not 
enough to be of real value during surgery. He re 
ported that % unit of curare per kilogram of body 


Jones ' 
lambs, 3 


Jones used eurare 


weight was the largest dose used with any degree 
of safety. 
METHODS 


MATERIALS AND 


A total of 117 experiments were made on 10 
horses for evaluation of curare as an adjunct to 
chloral hydrate anesthesia. Each 
weighed prior to the experimental 
curare* and chloral hydrate were 


animal was 
trials. Both 
administered 
intravenously. 

Fowler,” the amount of chloral 
surgical 
general, the amount of chloral 
hydrate recommended for anesthesia in equine sur 
gery is approximately 5.5 Gm. per 50 kg. of body 
weight as established by Mareenae (Wright ™). 
Wright that this amount of 
hydrate administered to a horse in good condition 
evoked 


According to 


hydrate required for anesthesia varies 


considerably. In 
pointed out chloral 


narcosis bordering on, but not 
general anesthesia. 


reaching, 
For this reason, it was decided 
, and 5 
Gm. of chloral hydrate per 100 lb. of body weight 
in conjunction with eurare in order to determine 
the efficacy of combinations of these two drugs in 


to use a series of lower dose ranges of 3, 4 


producing safe anesthesia and, at the same time, 
abolishing reflexes. Unless it 
shown that anesthesia and abolition of spinal re 
flexes were attained, this combination of the two 
drugs would not be practical. 


spinal could be 


Administration of Variable Doses of Chloral 
Hydrate and Curare.—A series of experiments was 
made with 3 Gm. of chloral hydrate per 100 Ib. of 


body weight, followed by ™% unit of curare per 


pound of body weight. The curare dosage was 


* Intocostrin supplied by E. R. Squibb and Sons, New 
York 22, N.Y 
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increased in increments of %& unit per pound of 
body weight until the established toxic 
curare was reached. The same procedure of curare 
administration was also employed following 4 and 
5 Gm. of chloral hydrate per 100 Ib. of body 
weight. Each trial was performed no oftener than 
every twenty-four hours, Fifteen minutes follow 
ing chloral hydrate administration, eurare was ad 
ministered and drug actions on spinal reflex 
activity, rectal temperature, pulse rate, and res 
piration were observed from two- to five-minute 
intervals for a total of forty-five minutes, The 
effectiveness of the myoneural junction block was 
measured by attempting to elicit spinal reflexes by 
the method described by Booth and Rankin.* When 
the respiratory muscles became impaired, artificial 
respiration was employed by the technique de 
scribed by Rankin, et al.* and was earried out 
until natural respiration was restored. 

Blood Pressure Determination.—Blood pressure 
tracings of the effects of 3, 4, and 5 Gm. of chloral 
hydrate were obtained from each of 5 animals by 
the method described by Booth and Rankin.‘ There 
was a minimum interval of twenty-four hours be 
tween the records of the different dose levels. 
Prior to the intravenous injection of chloral hy 
drate, a normal blood-pressure tracing was made 
in each of the experimental trials. A 
tracing was made for five minutes following the 
end of the chloral hydrate injection, at which time 
an established toxic curare was given. 
Artificial respiration was given when respiratory 


dose of 


continuous 


dose of 
musele paralysis occurred. 


EXPERIMENTAL RESULTS 

Effect of Curare and Chloral Hydrate 
on Spinal Refleres.*—When curare was in- 
jected intravenously following 3 Gm. of 
chloral hydrate per 100 lb. of body weight, 
the reflex activity was +--+ except in 2 
In the two exceptions, the reflex 
activity following the curare injection was 
+ for twelve minutes at which time reflex 
activity was ++. Following 4 Gm. of 
chloral hydrate per 100 lb. of body weight, 
spinal reflex activity ranged between + 
and +-+ except in one instance. In this 
particular instance, the spinal reflex activ- 
ity was — for six minutes after the curare 
injection and then ranged from + to ++ 
for the remainder of the recordings. Spi- 
nal reflex activity ranged from — to ++ 
when curare was injected intravenously 
following 5 Gm. of chloral hydrate per 100 
Ib. of body weight. On six occasions, spinal 
reflex activity was — until six minutes 
after the curare injection at which time 


horses. 


- equals negative spinal reflex activity + 
slight spinal reflex activity ++ equals maximum spinal 


reflex activity 


equals 


‘ 
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the reflex activity was + to ++ for the 
remainder of the recordings. 

Effects of Curare and Chloral Hydrate 
On Rectal Temperature, Pulse Rate, and 
Respiratory Rate.—In all 10 horses, curare 
was employed following 3, 4, and 5 Gm. 
of chloral hydrate per 100 Ib. of body 
weight. There were no significant trends 
that could be applied to the above physio- 
logical systems following the use of curare 
and chloral hydrate. The rectal tempera- 
ture, pulse rate, and respiratory rate in- 
creased in some experiments and decreased 
in others. Doses of curare that caused par- 
tial to complete paralysis of the respira- 
tory muscles were responsible for asphyxi- 
ation. The combination of curare and chlo- 
ral hydrate appeared to have an additive 
effect on cessation of respiration. There 
were five in 3 horses when %% 
unit of curare per pound of body weight 
used in conjunction with chloral hydrate 
produced respiratory arrest. When %@ unit 
of curare per pound of body weight was 


occasions 


220, 


_....... Chloral Hydrate (3 Gm./100 Ib.) 
_______ Chloral Hydrate (4 Gm./100 Ib.) 
Chloral Hydrate (5 Gm./100 Ib.) 


MEAN BLOOD PRESSURE IN MM. OF MERCURY 


arren 


AMTIFICIAL 


RESPIRATION 


Fig. 1—Summary of the effects of chloral hy- 
drate and toxic doses of curare on the blood 
pressure of 5 horses. 
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used without chloral hydrate in these ani- 

mals, respiration appeared normal. The 
same situation was observed in another 
horse when 34 unit of curare per pound of 
body weight was used with chloral hydrate. 
This same amount of curare used in the 
absence of chloral hydrate did not affect 
respiration. 

Effect of Curare and Chloral Hydrate 
on Blood Pressure—Established toxic 
doses of curare were used in conjunction 
with 3, 4, and 5 Gm. of chloral hydrate per 
100 lb. of body weight on 5 The 
blood pressure decreased following an in- 
travenous injection of chloral hydrate in 
all of the animals. The blood pressure did 
not show any change during the intrave- 
nous injection of curare. However, follow- 
ing the curare injections, the blood pres- 
sure increased after asphyxiation which 
oceurred if there was respiratory muscle 
paralysis. The increased blood pressure 
following asphyxiation could be restored 
to near normal levels when artificial respi- 
ration was applied. This indicated ventila- 
tion was adequate and that the rise in 
blood pressure was a hypercapnic, hypoxic 
reflex, and not due to specific curare ac- 
tion. The kymograms have been analyzed 
and the results have been summarized in 
graph 1. 


horses. 


DISCUSSION 


In this study, curare was investigated in 
conjunction with chloral hydrate anesthe- 
sia for the purpose of abolishing spinal 
reflex activity, and of securing safer anes- 
thesia in the horse. Large doses of chloral 
hydrate are required if the persistent spi- 
nal reflexes of the horse are to be overcome. 
In this respect, Goodman and Gilman ™ 
pointed out that spinal reflexes are not 
adequately depressed by chloral hydrate. 
A proper depth of anesthesia that would 
allow surgery without frequent struggling 
of the horse can not be satisfactorily ob- 
tained by a safe dose of chloral hydrate. 
The animal may struggle even though it is 
not consciously aware of surgery. For in- 
stance, the horse can be perfectly ‘‘asleep’’ 
and muscular relaxation may appear ideal 
until an incision is made. The act of incis- 
ing the skin often initiates spinal reflexes 
which manifest themselves increased 
muscular rigidity or violent struggling. 

Occasionally, more chloral hydrate is ad- 
ministered to overcome the spinal reflexes. 
This leads to a dangerous level of drug be- 
fore complete abolition of spinal reflexes 
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is obtained and the animal succumbs to 
respiratory failure. Fowler stated that 
collapse from chloral hydrate apparently 
is due to both respiratory and cardiac fail- 
ure; however, he could never determine 
whether respiration or the heart failed 
first. Due to the risks connected with large 
doses of chloral hydrate, the veterinary 
surgeon, in the interest of safety, must 
contend with a lighter degree of depression 
and accompanying spinal reflexes. 

Use of curare in conjunction with chlo- 
ral hydrate anesthesia in the horse failed 
to abolish all spinal reflex activity suffi- 
ciently to be of value during surgery. Con- 
sequently, there is no efficacious value of 
combining these two drugs. At present, 
there are several synthetic curare-like 
preparations available that should be in- 
vestigated in the horse to determine their 
value as adjuncts to anesthetic drugs. 
There is need to continue research activi- 
ties in this direction in order that 
thetic techniques for large animals may be 
improved. 


anes- 


SUMMARY 


1) The value of curare as an adjunct to 


chloral hydrate anesthesia was determined 
in this study on 10 horses. 


2) Doses of curare up to, and including, 
the established toxic doses failed to abolish 
spinal reflex activity when used following 
chloral hydrate administration. 

3) Reduction of spinal reflex activity 
sufficient to be of value during surgery 
was not obtained by use of curare. 

$4) Blood pressure studies made on 5 of 
the 10 horses showed that curare had no 
direct effect on blood The only 
effects observed were due to asphyxiation 
that followed respiratory muscle paralysis. 


pressure. 


5) Results obtained in this study indi- 
cate that curare has no potential value as 
an adjunct to chloral hydrate anesthesia. 
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Can Calcium, Inorganic Phosphate, and Magnesium Values of 
Horse Blood Be Expressed as Ratios? 


R. E. NICHOLS, D.V.M., Ph.D., D.V.Sc. 


Madison, Wisconsin 


THIS INVESTIGATION was initiated to dem- 
onstrate individual variations in calcium, 
inorganic phosphate, and magnesium con- 
tents of normal equine jugular blood and 
to ascertain whether variations of each 
constituent are independent of variations 
of the other two. 

Jugular blood was obtained from a group of 


36 saddle horses of varying ages, including 9 


Univer 
number 


Department of Veterinary Science, 


Madison. Department 


From the 
sity of Wisconsin, 
NS 116 
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approval of the director of the 
Experiment Station, Madison. 


mares and 27 
horses of varying ages, 
9 stallions, All animals 
horses, but otherwise 
healthy by 
was determined by 
cation of the 
phosphates and magnesium were determined by an 


a group of 20 draft 
and 


geldings, and 
including 11 
parasitized, as 
least 


mares 
were 
are all considered at 
physical examination. Cal 
the Clark-Collip modifi- 


clinically 
cium 
Kramer-Tisdall method; inorganic 
adaptation of Youngberg’s method. 


demonstrates the values of calcium, 


magnesium 


Figure 1 


inorganie phosphate, and obtained 


from samples of the group of saddle horses and of 
the group of draft horses. In both groups of data, 


values are plotted about common mean lines for 
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Fig. 1—Jugular blood calcium, inorganic phosphate, and magnesium values (grouped 
about common mean lines to illustrate independent deviation of each value from its 
mean). 
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all three constituents to demonstrate individual 
variations from the mean of each group and the 
apparent independent value 
from each of the remaining two for each of the 
samples. Correlation coefficients for calcium 
phosphate are 0.1 and 0.27 respectively; for cal 
cium and magnesium 0.11 and 0.13; and for phos 
phate and magnesium 0.05 and 0.16. No linear 


relationship can be demonstrated. 


variation of each 


and 


DISCUSSION 


On numerous occasions interpretations 
have been desired of data on certain con- 
stituents of venous blood, particularly as 
to whether changes in their values reflect 
deviations from body requirements. The 
question has often arisen also whether ra- 
tios of certain constituents which are 
within normal limits in venous blood from 
apparently healthy animals can be used to 
express dependent relationships between 
the constituents. It would seem that if 
such dependence exists, variations in one 
constituent should bear some kind of math- 
ematical relationship to variations in the 
other constituent. In some instances, as for 


example variations in red cell count and 


VALUES OF Horsk BLoop 61 


variations in hemoglobin, correlation is 
good and has led to demonstrable depend- 
able color indexes. The data contained 
herein, however, do not suggest such a re- 
lationship for calcium, inorganic phos- 
phate, and magnesium values of equine 
venous blood. Correlation coefficients of 
these data do not indicate a linear relation- 
ship. This, nevertheless, does not imply 
that a comparison of individual determina- 
tions of a constituent with the normal 
range of that constituent in venous blood 
is not of value or that linear relationships 
between these constituents do not exist in 
certain It does suggest, however, 
that interpretations based on changes in 
ratios established on the assumption of a 
linear relationship between any two of 
these constituents in venous blood are very 
liable to be misleading, and thus do not 
represent what may be alterations in pos- 
sible linear relationships of these constitu- 
ents in tissues. 


tissues. 
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The Equine Heart 


DANIEL P. QUIRING, Ph.D., and ROBERT J. BAKER, M.A. 
Cleveland, Ohio 


Tus stupy is concerned with: (1) a de- 
scription based upon dissections of 40 
Thoroughbred horse hearts and 16 non- 
Thoroughbred hearts; (2) a series of ex- 
ternal heart measurements together with 
certain mass-surface area and ventricular 
thickness determinations. 


MORPHOLOGY 


The Thoroughbred heart truncated 
cone, flattened anteriorly and The 
circumference at the base of the ventricles is ap 
proximately elliptical. The apex, 
with respect to a mid-sagittal plane, is generally 
well defined. The auricles, less elongated in the 
Thoroughbred than in other horse 
anteriorly and medially from their 
atria, and terminate at either side of the pulmo 
trunk. 


presents a 
posteriorly, 


asymmetrical 


hearts, curve 


respect ive 


nary 


Cardiac Veins.—According to Sisson,’ the great 
and small coronary veins, which ascend in the left 
and right interventricular grooves, respectively, 
unite to form a short bulbous coronary sinus. If, 
veins fail to unite, no 
sinus develops. In all the 40 Thoroughbred hearts 
(fetal, infantile, and adult) examined, the great 
and small cardiac veins did not unite to 
sinus but opened into the right atrium independ 


ently. 


however, these coronary 


form a 


The orifice of the great coronary vein lies im 
mediately anterior to that of the posterior vena 
cava and generally does not possess a valve. When 
a valve occurs, it consists of one or two prominent 
semilunar cusps. Within the last 5 or 6 em. of the 
vein one or two sets of semilunar 
each with two cusps. Three or four sets of valves 


valves occur, 
appear in some hearts; in others there are none, 
The small coronary vein near the 
right margin of the great cardiac orifice. In each 
of the Thoroughbred hearts, the lumen of this 
vein was guarded by one or two small semilunar 
cusps. Generally, there are no valves within the 
terminal 2 or 3 em. of the vein. A third cardiac 
vein, parallel and dorsal to the great vein and 


opens lower 


From the Cleveland Clinic, Cleveland, Ohio 
Mr. Baker is now at The 


Hospital, Dallas, Texas. 


Veterans’ Administration 

Through the courtesy and coéperation of Dr. W. W 
Dimock, head of the Department of Animal Pathology 
University of Kentucky, a large series of hearts and 
other organs from Thoroughbreds and other breeds was 
made available for study by the late Dr. George W. Crile 
and the authors at the Cleveland Clinic Foundation. The 
authors wish to acknowledge their great obligation to 
Dr. Dimock and the Department of Pathology for their 
codperation 


opening directly into the right atrium, appears in 
Its orifice, dorsal to that of the great 
there valves within the 


a few cases. 
vein, has no valve nor are 
terminal portion of this vein. 

The tricuspid valve is attached to a fibrous ring 
surrounding the right atrioventricular orifice. Its 
three right ) 
have number of 


(anterior, and 
with them a 
small intervening cusps. A small one between the 
right and anterior cusps and another between the 
right and septal cusps are usual. In some hearts, 
third between the and 
The the three 


cusps to specific 


large cusps septal, 


associated variable 


there is a cusp anterior 
main 


right 


septal cusps. attachment of 


papillary muscles in the 
constant. The 
from the 


septal papillary muscles; the septal and right re 


ventricle is anterior cusp receives 


chordae tendinae anterior and anterior 


ceive them from the anterior and posterior septal 
papillary museles. Each of the smaller cusps gen 


erally is attached to only one papillary muscle. 


moderator bands, and col 


constitute the 


Papillary muscles, 

relief which 
carneae are more numerous in the 
the left ventricle. However, the papillary 
in the left ventricle are better developed than the 
three in the right. On the right too, the 
largest or anterior is continuous with the anterior 
wall. 
spectively from the anterior and posterior regions 
of the interventricular The 


bands, composed of a several 


trabeculae 
than in 


umns in 
right 
muscles 


side 


ventricular Two smaller muscles spring re 


septum. moderator 


large and smaller 


aggregates, extend from the interventricular sep 
tum to the base of the anterior 


A third 
and prominent near the apical end of the anterior 


papillary muscle. 


group of trabeculae are most numerous 
right ventricular wall. 

The left ventricle has only an 
compound posterior papillary 


and a 
large 
moderator bands spring from the interventricular 
septum, attached to a 
There are no septal muscles on this side. 

The pulmonary valve consists of three semilunar 


anterior 
musele; two 


each papillary muscle. 


cusps, anterior, right posterior, and left posterior, 
without intervening cusps. One or more flaps com 
monly bear a small nodule at the midpoint of their 
free borders similar to the corpora arantii of the 
aortic valve but less 
cusp pocket the wall of the pulmonery trunk is 
slightly dilated to form the sinus of Valsalva. 
The bicuspid or mitral attached to the 
fibrous ring surrounding the left atrioventricular 


prominent. Opposite each 


valve, 


orifice, as its name implies, has only an anterior 
and posterior cusp. These, however, are larger and 
thicker than those of the tricuspid valve. The left 
posterior has a variable number of flaps, usually 
three to six. Each receives chordae tendinae from 
both papillary muscles, 
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TABLE 1—The Measurements of Thoroughbred, Infantile Thoroughbred, and non-Thoroughbred 
Hearts 


Thoroughbred hearts 
AGE SEX J PW SAV 


4.5 mo 4 1076 94: 442 
mo 3 1468 518 
wean J 2 1684 446 590 

1838 1609 604 
2039 1736 650 
2162 756 

2459 R39 

771 

B45 

819 

796 

R39 

944 

1006 


1604 
3678 
3749 

3934 
4168 
4536 


Fetal and infantile Thoroughbred 
AGE SEX BW pW SAV SAB 


1 mo : 5 35 215 106 
day 
mo 
> day 
mo 
day 
day 56.7 
day 68.0 
day 54.2 
day 55.0 
7 day 61.0 
day 60.0 667 
day 74.0 863 
day 102.0 96R 


day 108.0 999 


Adult non-Thoroughbred hearts 
TYPE mx BW FW DW SAV SAB 


GD 4 143 1000 
Gp 151 R25 
GP 179 1100 
SAD 189 1230 
SAD } 293 2003 
STB Oy 

ARA 451 

STB 363 

400K* 

DRA yr 525 


vt 253 357 2¢ 5 505 : 1 

SAD 233 426 2 1 
420E* 32 2 

ARA } 460 3909 ‘ 1 

PER 765 4700 3912 5 1.2 

PER ) 635 5600 947 ; 608 3.1% 2.4 5 - 6.9 


6.: 
6 


* Estimated body weights. BW Body weight in kilograms FW—-Fresh weight of heart in grams DW Dry 
weight of heart in grams. SAV—Surface area of ventricles in em.?~ SAB—Surface area of base in em” SAT 
Total surface area in em.?, K-——Surface area constant. RV—Thickness of right ventricle in em LV Thickness of 
left ventricle in em. RAP—Thickness of right wall and papillary muscle in em. LAP—Thickness of left wall and 
papillary muscles in ecm, Pr.—Premature 

GD—Guatemala donkey. GP—Grade pony SAD—Saddlebred. STB—Standardbred. ARA Arabian PP 
Polo pony PER—Percheron 
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185 627 6.52 1.2 2.0 
2 234 752 6.29 1.4 1.2 4.1 
292 RR2 6.90 1.0 t3 2.2 4.2 
4 274 878 6.39 1.2 $2 2.4 4.6 
5 254 904 6.26 1.2 1.6 1.9 4.7 
6 i 291 1047 6.26 1.3 40 2.5 5.0 
7 ' 50 1189 6.53 14 4.0 2.3 5.0 
368 1139 6.18 1.8 4.7 5.2 
9 386 1231 6.53 1.2 1.0 2.8 5.0 
10 1173 6.20 1.7 4.5 5.0 
Li 416 1212 6.18 1.3 4.3 2.4 5.1 
12 83 1222 6.12 1.8 5.1 2.1 5.5 
13 416 1360 6.64 1.6 4.3 $2 5.0 
14 l 482 1488 7.10 1.2 4.1 2.1 5.0) 
pf 14 yr M 476 $515 $225 911 452 1363 6.25 2.0 5.3 1.2 5.7 
le Aged k 408 3796 3317 911 456 1367 6.15 2.0 5.0 0 5.9 
17 M 431 $324 925 is 1414 6.54 4.6 3.2 5.5 
Ie 2 yr M 426 4065 941 435 1374 6.07 2.0 5.5 1.6 5.9 
10 2y M 460 3765 3459 1083 440 1532 6.70 1.8 4.7 2.7 5.5 
20 17 yr k 498 4055 1100 404 1594 6.78 1.8 5.4 s.1 5.8 
21 16 yr F 549 44535 1047 535 1585 6.65 L.A is >.7 
22 13 yr Fk 498 1080 532 1612 6.68 1.3 47 6.0 5.5 
25 M 522 5250 1209 515 1724 6.92 1.5 1.6 2.8 4 
24 k 431 1116 545 1661 6.41 1.4 19 2.8 6.2 
25 M 442 9250 1192 52k 1720 6.28 1.8 5.3 6.3 
NO SAT K R\ LN RAP LAP 
26 321 6.40 1.0 2.3 1.5 2.6 
27 s14 6.10 1.2 1s 2.1 2.5 
28 331 6.21 1.1 2.0 2.6 
i738 6.59 1.1 2 1.7 2.6 
RG 6 10 iv 2.5 
$1 415 6.54 1.1 2.0 2.8 
6.00 1.4 2.6 1.8 
469 7.21 1.1 1.8 2.4 
6.02 1.3 2.4 2.8 
409 6.18 1.1 2.0 2.1 2.9 
i6 402 6.08 1.3 2.4 
> 166 6.320 14 23 tO 2.7 
528 6.78 1.2 24 2.2 3.2 
565 6.67 0.9 24 1.9 t.1 
41 567 291 125 416 6.07 1.2 2.6 1.8 +3 
42 737 i777 177 554 6.78 1.3 2.6 1.7 $1 
45 900 1.1 ta) 2.0 
44 907 i738 211 584 6.24 1.2 2.5 3.3 
5 1779 617 514 951 6.54 1.5 2.5 4.5 
40 2778 R62 449 1311 1.5 15 2.8 5.5 
17 2RR5 806 466 1272 6.27 1.6 4.7 1 5.5 
nd 2970 R68 515 1383 6.70 1.6 45 2.2 47 
40 2970 877 532 1409 6.82 1.4 ‘.2 -.6 5.2 
nO 2978 1.6 4.5 29 5.0 


64 Danie. P. QuirING AND Ropert J. BAKER 


The aortic valve consists of three semilunar 
cusps, anterior, right posterior, and left posterior 
with a central nodule (corpus aranti) on each free 
margin. Like the pulmonary trunk, the wall of 
the aorta is dilated opposite each cusp pocket to 
form the sinus of Valsalva. The 
larger and thicker than the pulmonary, marks the 
origin of the right and left 
which arise opposite the anterior and left posterior 
cusps, respectively. 

Foramen Ovale, Ductus Fossa 
Ovalis.—Two interesting functional devices in the 
fetal heart are the foramen ovale and the ductus 
arteriosus. Each plays an important part in the 
cireulation in the fetus. It will be 
that the right atrium receives blood from the an 
terior and posterior Most of the 
blood from the latter vessels passes through the 
foramen ovale into the left atrium, and thence 
into the left ventricle and aorta. Blood that es 
eapes the foramen passes largely into the aorta by 
the ductus arteriosus. The small remainder that 
fails to enter either foramen ovale or ductus arte 
riosus traverses right and left pulmonary arteries 
to the lungs, and is returned by the pulmonary 
veins to the left atrium. Shortly after birth, the 
foramen ovale closes and the ductus arteriosus is 
reduced to a ligament. 


aortic valve, 


coronary arteries 


Arteriosus, 


remembered 


venae cavae. 


In the fetal Thoroughbred heart, the foramen 
ovale lies in the interatrial septum near its poste 
rior margin, The diameter of the foramen is 
about 1 to 1% em. in a 6-month fetus. From its 
margin a wall of tissue, approximately 2 to 4 em. 
in length, projects obliquely into the chamber of 
the left atrium. Radiating from the free margin 
are numerous cords interconnected at their distal 
ends. In older fetal hearts and in young postnatal 
hearts, the diameter of the foramen ovale is di 
minished, the wall partly retracted, and the cords 
are stouter and shorter. The degree to which the 
foramen ovale persists after birth is highly vari 
able. In two of the postnatal hearts examined, 
the foramen was pronounced, These were infant 
hearts more than 30 days old. On the other hand, 
a few of the much younger postembryonic hearts 
possessed almost completely closed foramina. 

The fossa ovalis, a remnant of the fetal fora 
men ovale, is a deep and narrow diverticulum ex- 
tending obliquely through the interatrial septum. 
Its open end, at the posterior margin of the sep 
tum, is adjacent to the anterior border of the 
orifice of the posterior vena cava. The closed end 
of the diverticulum extends to the endocardium 
lining the left interatrial wall, thus blocking the 
original interatrial communication. Size of the 
fossa ovalis is highly variable. In some hearts it 
is deep and wide; in others it is almost completely 
obliterated. The ductus arteriosus arises from the 
pulmonary trunk shortly before its. bifurcation 
and joins the aorta. In fetal hearts of 10-months, 
the diameter of the duct orifice is equal to the 
combined diameters of the two pulmonary arteries. 
Thus, most blood from the right ventricle of the 
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fetal heart can pass into the arterial duct rather 
than into the pulmonary vessels. In older fetal 
hearts and in young postnatal hearts, diameter of 
the ductus diminished and 
quently the ratio of the diameters of the growing 
pulmonary arteries to that of the duct was greatly 
increased. Like the foramen ovale, the degree to 
which the ductus after birth 
varies. In the hearts investigated, however, it ap 
pears that occlusion of the duct with increasing 
than is the closure of the 


arteriosus was conse 


arteriosus persists 


age is more constant 


foramen ovale. 


THE NON-THOROUGHBRED HEART 


With exception of differences to be noted, the 
preceding description is also applicable to hearts 
of non-Thoroughbreds. 
the Standardbred horses, the base of the ventricles 


In some, notably those of 
triangular in shape. The 
and 


posterior 


was not elliptical but 
heart was flattened anteriorly presented a 
slight convexity, but the wall of the 
right ventricle projected backward, resulting in a 
triangular pattern. Generally, the apex of the 
heart was not pronounced as in the Thorough 
breds. Auricles appeared elongated and atria were 
larger. The hearts of the 
were an exception to these noted differences: the 
ventricles were lengthened, apex prominent, and 
the base was relatively 


Guatemalan donkeys 


small, 


MEASUREMENTS 

For purpose of measurement, hearts were placed 
4-month to, and inelud 
hearts; (b) fetal and 
adult non 


in three categories: (a) 
ing, adult Thoroughbred 
new-born Thoroughbred hearts, (c) 
Thoroughbred hearts (table 1). 

Four sets of heart measurements 
The first includes 15 external linear 
for each heart. These are given in table 1. Ex 
ternal linear measurements were recorded only to 
the nearest whole centimeter. 

For the second set of measurements, i.e. the dry 
weights, hearts were rinsed of the 5 per cent for 


taken. 
dimensions 


were 


TABLE 2—Mean Values of K and Surface Area 
Ratios for Each Group 
Ratio of 
SAB to 
SAT in % 


Ratio of 
SAB to 
SAT in % 


Ratio of 
SAV to 
SAT in % 


Group 
Mean K 


Fetal and 
Infantile 
Thoroughbred 
Adult 
Thoroughbred 


6.435 


Combined 
Thoroughbred 
Adult non- 
Thoroughbred 
Combined 
Thoroughbred 
and non- 
Thoroughbred 


SAV 
ventricles in em.* SAB—Surface area of base in 
SAT—Total surface area in cm? 


area of 
cm.* 


Surface 


K——-Surface area constant 


67.78 32.22 47.54 
6.454 68.44 $1.56 46.12 
6.447 68.33 31.67 46.35 
6.426 65.43 $4.57 52.84 
6.441 67.45 32.55 48.27 
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malin solution in which they were preserved and 
the surface permitted to dry. Pulmonary 
trunk and aorta were removed near their origins 
and weights of the hearts taken. Determinations 
of surface area, which comprise the third set of 
measurements, made as the hearts 
were dry. Pieces of adhesive tape of known area 
were applied separately to the ventricles and to 
The fourth set of measurements—thick 
ness of the ventricular walls—was taken during 
investigation of the internal anatomy of the heart. 
In exposing the interior of the chambers, posterior 


was 


were as soon 


the base. 


atrial walls were slit and the incision continued to 
the tip of each auricle. Anterior right and left 
ventricular walls were slit from the apex of the 
heart to the pulmonary and bicuspid valves, re 
Thickness of the anterior right 


spectively. ven 


tricular wall was determined, and measurements 
included also the ventricular thickness through the 
belly of the 


ventricle. 


anterior papillary musele in each 


TABLE 3—Comparison 


BW 
Kg DW 


Type No 
horse Age Sex anim SAV 
4235 
4429 


5816 


1200 


1142 


TB Adult M 2 
PER Adult F 2 


Theoretical heart weight 
3196 


3310 


TB Adult M 2 
ARA Adult F 2 
Theoretical heart weight 


25889 
2874 
2666 


TB Adult F 2 
STB Adult F 2 
Theoretical heart w eight 


3129 
3118 
3050 


TB Adult F 2 
SAD Adult M 1 
Theoretical heart weight 


1835 


1779 


TB 10 mo M 3 
SAD lyr F 1 
Theoretical heart weight 


TB 11 day F 4d 
GD 4.5 yr F 2 
Theoretical heart weight 


TB 10 mo F 2 
PP Adult M 1 
Theoretical heart weight 2869 

BRS 
900 


1404 


TB 3 mo 2 
GP lyr 1 
Theoretical heart weight 
$3235 
2978 


3559 


TB Adult , 4 
D Adult ine 1 
Theoretical heart weight 


BR5 
765 


1021 


TB 3 mo 2 
Guat.P. 7 yr 1 
Theoretical heart weight 


THe Equine 


HEART 


RELATIONSHIP BETWEEN SURFACE AREA AND 
Heart WEIGHT 

The relationship between surface area of the 
body and its weight has long been an object of 
investigation. Meeh* (1879), one of the first to 
examine extensively the surface area of the human 
body, made direct surface area measurements and 
proportionalities with body weights. 
numerous other workers employing 
have continued surface area 


established 
Since then, 
varied methods 
studies.” 
Not all 
confined to:the human being. 
direct measurements of many lower 
established a relation between surface 
body weight raised to the 2 2/3 power. 
tion was applied to our heart studies. 
The formula as used in this problem is: 


surface area investigations have been 
Benedict,‘ who made 
vertebrates, 
area and 


His equa 


where K constant in em.*/grams 
S surface area of heart in em. 
W weight of heart in grams 


of Thoroughbred and non-Thoroughbred Hearts 


SAB 


562 


* Theoretical heart weights in each instance are those of the animals compared with the thoroughbreds 


BW—Body weight in kilograms. DW 
in em? SAB—-Surface area of base in cm.* 
RV—Thickness of right ventricle in em. LV 
wall and papillary muscle in em. LAP 

TB— Thoroughbred; PER Percheron ; 
GD—Guatemala donkey; PP——polo pony; GP 


ARA 


Dry weight of heart in grams 
SAT—tTotal surface area in cm? K 
Thickness of left ventricle in em. RAP 
-~Thickness of left wall and papillary muscle in em. 
Arabian ; 


grade pony; 


SAV—-Surface area of ventricles 
Surface area constant 


Thickness of right 


STB 
D—draft 


Standardbred; SAD Saddlebred 


horse; Guat. P.—-Guatemala pony 


65 
Ss 
K 
| W 2/3 
SAT iN RV LV RAP LAP 
521 1721 6.60 1.65 4.95 3.3 6.35 
1704 6.35 1.80 5.30 t4 6.70 
432 1442 6.67 1.7 4.5 2.9 5.7 
470 1348 6.29 1.6 4.7 t.1 5.7 
424 901 449 1350 6.64 1.25 4.2 2.2 5.0 
372 465 482 1347 6.67 1.5 4.5 2.5 5.1 
439 958 467 1425 6.67 1.6 4.7 2.6 5.5 
426 S| 928 420 1357 6.56 1.5 4.7 2.8 5.3 
259 , | 670 273 9453 6.30 1.2 1.9 2.3 4.7 
293 P| 617 314 931 6.34 1.3 3.5 2.5 41.6 
2037 
60 651 $42 162 504 6.16 1.10 2.3 2.0 3.02 
147 625 334 156 485 6.42 1.25 2.6 1.7 3.2 
1362 
975 447 1422 6.87 14 4.2 2.65 5.0 
865 505 1370 6.61 1.6 4.7 2.7 5.3 
1.1 2.8 2.05 3.3 
1.1 2.0 3.5 
1.77 4.9 2.95 5.5 
1.60 4.5 2.90 5.0 
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Stated in words, the surface area of the heart is For comparison, a series of Thoroughbred 
directly proportional to the 2/3 power of its hearts and non-Thoroughbred hearts from animals 
weight. as nearly alike in body weight as the data per 

It is apparent that constant, K, is an index of mitted were grouped in ten categories (table 3). 
the ratio of surface area of the heart to its weight. While the smallness of the sample in each case 
If, for example, the mean value of K for one does not permit wide generalizations, the regular 
group of equine hearts is higher than that for ity of the differences in the heart weights favoring 
another, it follows that the former group has a the Thoroughbreds with two exceptions (Stand 
relatively greater mean surface area. The total ardbred adults and Saddlebred adults) seems 


area of the heart, however, is contributed to noteworthy. 
largely by the area of the ventricles. Thus, a The data suggest that the Arabians, Standard 
breds, Saddlebreds, and the polo pony (Thorough 
TABLE 4—Mean Values of Ventricular bred) approach most closely the Thoroughbred 
Thickness heart weights. The heart-body weight ratio does 
Mean Mean Me: not increase on a 1 to 1 basis but more nearly to 


Range 
Group in 
weight 


LV RV an 0.85 ratio. Theoretical heart weights caleu 
ob ‘ ¥ lated on this basis show that actual heart weights 
racial of 2 Percherons, 1 draft horse (breed unknown), 
354-524 y 4 +0 1 grade pony, 1 yearling Saddlebred fall consider 
536-826 < ably under caleulated values. The greatest differ 
900-2162 
2459-2778 é 
2221-2978 5 ; 5 2 02 the 2 Guatemala donkeys and the Guatemala 
VI 2984-3317 33! 7 +0,05 ‘*chareoal’’ horse. 
VII 3324-3678 BE j { 8 +-0.06 It 
Vill 3749-4947 i 5 0.10 


ences, however, appear in the calculated values of 


will be noticed also that in every instance 
(table 3) of total surface area comparisons, Thor 
No.—54. Ery....4 te—0.07. LV—Thickness of left ven oughbred hearts show a relatively larger value 
tricle in em. RV-—Thickness of right ventricle in em than the non-Thoroughbred hearts. Differences in 
the thickness of ventricular walls do not appear 

group of hearts with a mean surface area rela significant. 
tively greater than that of another group has, in 
general, a relatively greater mean ventricular 
area. By this reasoning, K becomes an index not 
only to the total surface area of the heart but If heart walls are increased in thickness, it is 
also to that of its ventricles. Further, since vol obvious that heart weight will be increased, pro 
ume of the ventricles is reflected in their surface vided that specifie gravity of the tissue remains 
area, K in final analysis is an expression of ven unchanged. In other words, weight of the heart is 
tricular eapacity. Similarly, a_ relatively high a function of the thickness of its walls. In table 
mean K indicates a relatively large ventricular 4, heart weights are grouped in order of increas 
capacity. ing magnitude together with the corresponding 


THE RELATIONSHIP BETWEEN THE VENTRICULAR 
WALLS 


According to Herrmann,” the ventricles of the thickness of the ventricles. Generally, heart 
heart of the Thoroughbred horse are dilated in weights increase with the thickness of ventricular 
life. Such dilation would be reflected in volume walls. 
and probably in surface area of the ventricles of These complementary gradations weight of 
the nonliving heart. Indication of ventricular di the heart and thickness of its walls—are graphic 
lation, or at least of relatively greater Thorough ally represented in figure 1. The mapped points 
bred ventricular capacity, may be seen in table 2. (fig. 1), plotted semi-logarithmically, approximate 

The constant, K, probably becomes significant 
only when applied to groups of hearts for, in any 
individual case, factors may be operating to upset 
the balance between heart area and heart weight. 
Chief among these are: amount of subepicardial 
fat, condition of the heart tissue, and shape of the 
heart. With a large amount of heart fat, caleu 
lated value of K will be relatively low, excluding 
of course the presenze of compensatory factors, 
for heart weight is increased without contributing 
proportionately to total surface area. Any condi 
tion, pathological or otherwise, that alters specific 
gravity of cardiac tissue will affect K, unless com LEFT VENTRICLE 1 1 L 
pensatory factors are present. Finally, if shape of 3 33 . 45 > 38 
the heart is distorted, surface area may be modi ig. 1—Relationship between the ventricles as 
fied and affect the value of K. they increase in thickness. 


RIGHT VENTRICLE 
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a straight line. This suggests that an exponential 
equation such as y e“ may express the rela 


tionship. 
One set (Xx 
served values of x and y; 


if points of figure 1 represents ob 
the other (o) represents 


calculated and observed values of x. 


The equation of the line passing through the latter 
0.168. 


values of y 


points is y ae“, where a e’™ and b 


SUMMARY 


1) The anatomy of the Thoroughbred 
horse heart does not differ greatly from 
that of other breeds. 

2) Differences in morphology exist be- 
tween the Thoroughbred and non-Thor- 
oughbred hearts and include greater sym- 
metry in the former. The ventricular part 
of the heart is a truncated cone, flattened 
anteriorly and posteriorly; the cireumfer- 
ence at the coronary suleus is elliptical ; 
the base is compact. The apex is well de- 
fined and in the apex the ventricles tend to 
be triangular rather than elliptical in cross 
section. 

3) Surface area of the nonliving horse 
heart is directly proportional to the 
power of its weight. 
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4) Ratio of surface area of the heart to 
its weight is greater in Thoroughbreds 
than in non-Thoroughbreds. This indicates 
that the ventricular capacity of the Thor- 
oughbred heart is greater. 

5) Actual heart weights of 2 Perche- 
rons, 1 draft horse, 2 Arabians, 1 Saddle- 
bred yearling, 1 grade pony, 2 Guatemala 
donkeys, 1 Guatemala horse are consider- 
ably than their calculated weights 
when using the Thoroughbred hearts as 
standards for comparison. 


less 


6) The relationship between the right 
and left ventricles as they inerease in 


thickness is exponential in nature. 
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The Blood Picture in Newborn Pigs 


M. R. GARDINER, V.M.D.; W. L. SIPPEL, V.M.D., M.S.; W. C. McCORMICK, B.S. 


Tifton, Georgia 


DETERMINATIONS WERE MADE on the litters 
of 6 sows of the blood cellular elements, 
hemoglobin, hematocrit, serum calcium, 
and serum potassium. 

The sows were members of the station swine 
herd and consisted of Duroes and a four-breed 
cross line (Yorkshire-Duroe-Landrace-Hampshire ). 
The pigs were farrowed at the end of June (litter 
4), and from the middle of August to the middle 
of September. Sows were maintained on pasture 
during gestation and just prior to farrowing were 
moved to clean lots supplying an abundance of 
eattail millet for grazing. Good pasture manage 
ment practices assured a minimum of parasitic in 
festation in these lots. The grain ration consisted 
of 80 parts of cracked corn and 20 parts of pro 
tein supplement. The supplement had the follow 
ing composition: 


60 % digester tankage 

45 Yo peanut meal 

41 % cottonseed meal 

Mineral mixture 
(equal parts salt, bonemeal, limestone ) 


40 parts 
25 parts 
25 parts 
10 parts 


The grain ration was fed ad libitum except just 
before and after farrowing. Newborn pigs were 
creep-fed the same ration. 

The major soil found in this area is the Tifton 
type. The varieties making up the Tifton type of 
soil are red-yellow Podzolic soils formed from 
sandy clay marine deposits. The presence of an 
appreciable number of small brown or gray 
rounded iron concretions on the surface and 
throughout the profile is an outstanding feature of 
most Tifton soil areas. It is medium to strongly 
acid in reaction, The A horizon contains approxi 
mately 90 per cent SiOQs, 3.7 per cent FeOs, and 
3.5 per cent Al,Os. 

Immediately before parturition, sows 1, 2, 
3 were confined to a large permanent house with 
individual farrowing pens floored with concrete. 
A total of 29 pigs were born here (3 stillbirths) 
and maintained until 7 days old, at which time 
they were allowed free access to the lots. Sow 4 
and her litter were placed at parturition in a small 
This litter consisted of 7 pigs. 
Litters 5 and 6 of 19 pigs (1 stillborn) were 
placed in portable farrowing houses along the 
edges of the lots and allowed free access to them 
from birth. 

Each litter of pigs was bled from the anterior 
vena cava as soon after birth as possible (in all 
cases within 12 hours of birth), again at 8 days of 


and 


bare earth pen. 


Contribution of the Department of Animal Pathology 
Georgia Coastal Plain Experiment Station, Tifton 


age, and at 15 days of age. The last two bleedings 
were made between 9 and 10 a.m. Both a 
oxalated sample and a 5-ce. clotted sample were 
collected from each pig. differential 
counts were made at once. Hemoglobin determina 
tions were made in a photoelectric hemoglobinom 
eter measuring oxyhemoglobin. Hematocrit values 
were determined by filling Wintrobe tubes and 
eentrifuging at 1,500 r.p.m. for thirty minutes. 
The clotted samples were allowed to stand at room 


5-ee. 


Smears for 


temperature for several hours and the serum care 
fully separated by centrifugation and decanted in 
separate sterile tubes. Samples showing hemolysis 
were discarded. The serum was refrigerated until 
ealeium and could be 
made, Caleium was determined by Clark and Col 
lip’s modification of Tisdall’s method, and potas 
sium was determined by the method of 
and Tisdall. The rate of gain of each pig was re 
eorded at the third week. 


potassium determinations 


Kramer 


LITERATURE 
Kernkamp * 
atology of pigs up to the year 1932. 
did not mention the influence on the various find 
ings of age, weight, environment, or geographical 
location. Kernkamp, in his own work, differenti 
ated the various hematological values on the basis 


summarized the reports on the hem 
These reports 


of age and environment and gave detailed values 
for baby pigs at various intervals following birth. 
Hughes * reported serum calcium values of baby 
pigs and cited the work of other investigators, 
mostly on older swine. Eveleth*® reported values 
of various chemical constituents of swine blood as 
obtained by others and included his own work on 
older pigs. 

No values for serum potassium could be 
in the literature on baby pigs. 

Numerous investigators have reported a rapid 
decline in hemoglobin values in the first few days 
of life.” Craft et al.‘ reported values of the vari 
ous types of leukocytes at birth and at monthly 
intervals thereafter. 


found 


RESULTS 

Our litters were studied hematologically 
on the basis of the immediate postnatal en- 
vironment, presence or absence of pastur- 
age during this period, and advancement 
of age. Table 1 gives the mean values for 
each litter of the various components of 
the blood picture, except for calcium and 
potassium which are presented in table 3. 
As may be seen from table 2, which tabu- 
lates results from the point of view of post- 
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natal environment, the mean value of 
hemoglobin fell from 9.42 Gm./100 ce. at 
birth to 7.62, a decline of 1.8 Gm./100 ce. 
There was a slight rise (0.53 Gm./100 ec. ) 
during the second week. These pigs were 
on soil and pasture (environment C) from 
birth. On the other hand, for the pigs on 
environment A (conerete floors) for the 
first week, the mean value of 10.3 at birth 
declined to 6.7 at the end of the first week, 
a fall of 3.6 Gm./100 ec. From this low 
figure, the value rose 0.86 Gm./100 ee. dur- 
ing the second week. Thus, it can be seen 
that the decline in hemoglobin was twice 
as great in litters on conerete as in litters 
on ground and pasture during the first 
week of life. The fall in hemoglobin in the 
litter on soil alone from birth was identical 
to those pigs on soil and pasture. The he- 
moglobin values of litters were not related 
to either the size of the litters or the 
weights. Thus, the litter of highest mean 
weight (3.2 lb.) had the same mean Ib 
value, 10.5, as a litter averaging 0.7 Ib. less 
per pig. Also, a litter of 13 pizs had the 
same initial value as 1 of 6 pigs. Thus, it 
would seem that the hemoglobin curve is 
related only to postnatal influences. 

In every litter, the hematocrit curve 
paralleled the hemoglobin curve, with a de- 
cline during the first week of life and a 
slight rise during the second week. Birth 
hematocrit values varied from 33 to 44 per 
cent (litter averages) ; values at 1 week of 
age varied from 27 to 35 per cent, and at 2 
weeks, from 28 to 47 per cent. 


The total white cell count was extremely 
variable, both on individual pigs and lit- 


ters. Birth values varied from 6,700 to 
16,000 per cubie millimeter, The range was 
from 8,000 to 16,500 at 1 week of age and 
from 7,500 to 13,200 at 2 weeks. The neu- 
trophilic cells varied from 54 to 87 per 
cent of the total white count at birth and 
the lymphocytes from 12 to 43 per cent. 


SIPPEL 
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At 8 days of age, the neutrophils varied 
from 34 to 48 per cent and the lympho- 
cytes from 51 to 61 per cent. At 15 days of 
age, the range of neutrophils was from 22 
to 44 per cent and of lymphocytes from 57 
to 76 per cent. In every litter, there was a 
shift during the first week of life from a 
preponderance of neutrophils to one of 
lymphocytes. There was a further shift in 
the same direction, though less marked, 
during the second week of life. There was 
no significant difference in the values for 
eosinophils or monocytes during these first 


TABLE 3—Total Serum Calcium and Potas- 

sium Values Expressed as Means on the Lit- 

ters of Pigs Farrowed Under Three Different 
Environmental Conditions 


Serum Calcium Serum Potassium 


(mg./100 ec.) mg./100 ee.) 
Envi 
Litter ron- | 15 8 15 
No ment | days 


days days 


A | 2.2 5 23.8 


All 
litters 


two weeks or on the basis of environment. 

Serum calcium values were more vari- 
able at birth than in subsequent periods. 
At birth, the litter averages ranged from 
8.9 to 12.0 mg./100 ec., a spread of 3.1 
mg./100 ec. On the eighth day, the values 
ranged from 11.2 to 12.3, a difference of 
only 1.1 mg., and at 15 days old the values 
ran from 10.5 to 12.0, a difference of 1.5 
mg. Serum potassium values varied from 
18.5 to 29.5 mg./100 ce. at birth; from 18.6 


TABLE 2—Mean Values and Standard Deviations of Hemoglobin of all Pigs in Various 
Environments, and of Hematocrit of all Pigs Studied 


Hemoglobin 
1 25 pigs in environment A (litters 1, 2 
2 20 pigs in environment A (litters 1, 2, 
: 20 pigs in environment A (litters 1, 2 
18 pigs in environment © (litters 5, 
17 pigs in environment © (litters 
17 pigs in environment C (litters 5 


Hematocrit 
1 57 pigs in all environments (all litters) at 


2, 3) at 1 day of age........ . >+1.3Gm 
3) at 8 days of age.. 
2, 3) at 15 days of age 
6) at 1 day of age... 
5, 6) at & days of age... 
6) at 15 days of age.. 


1.0 Gm 
1.1 Gm 
+ Gm 
+ O28 Gm 
1.0 Gm 


1 day of age 


2 44 pigs in all environments (all litters) at 8 days of age. 
3 44 pigs in all environments (all litters) at 15 days of age.. 


SC 
\ 8.9 12 11.6 7 28.5 
9.9 11 12. 6.7 9 25.8 
B 9.2 11.4 11.9 29.6 
5 ( 9.8 11 10.5 45) 7 23.7 
6 12.0 12 10.7 1.5 19.8 23.7 
10.5 11.8 11 if 25.0 
+09 +1 +7 +6.4 
9.7 + 4.5 % 
$9 + 60% 
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100 ce. at 8 days; and from 22 


100 ee. at 15 days. 


to 35.9 mg. 


to 29.6 mg. 
SUMMARY 


raised under 
good conditions of nutrition and environ- 
ment, were subjected to a hematological 
study immediately after birth, at 1 week of 
age, and at 2 weeks of age. Hemoglobin, 
hematocrit, total white cell count, differen- 
tial counts, serum calcium, and potassium 
determinations were included. Results were 
tabulated as litter averages and also on the 
basis of environment of the litters. Envi- 
ronment C was and pasture from 
birth; environment A was isolation on con- 
crete floors for the first 7 days of life; and 
environment B was a small, bare earth pen 
from birth onwards. 

Both hematocrit and hemoglobin values 
could be correlated with these environ 
ments, although none of the other values 
could be so related. The blood cellular val- 
ues showed marked fluctuations with ad- 
vancing age in all these litters during the 
first 2 weeks of life. Among the leukocytes, 
the most striking change was the shift from 
an excess of neutrophils at birth to an ex- 
cess of lymphocytes at 1 week and 2 weeks 
of age. Although there was a great varia- 
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tion in total white count among the differ- 
ent litters (unrelated to any of the factors 
considered here), most of this variation 
was due to the neutrophils. The lympho- 
cytes demonstrated a fairly steady range, 
strongly increasing both in absolute and 
relative counts from birth to the 
week of life. 

No variations in serum calcium and po- 
tassium attributable to environment could 
be ascertained here. Serum caletum ap- 
peared to vary more widely in different 
pigs at birth than at the other ages tested. 
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Experimental Studies on the Pathogenicity of Nematodirus 
Spathiger, a Trichostrongylid Parasite of Sheep 


K. C. KATES, Ph.D., and J. H. TURNER, M.S. 


Beltsville, 


THE THIN-NECKED trichostrongyle, Nema- 
todirus spathiger, and a closely related 
species, Nematodirus filicollis, are common 
nematode parasites in the small intestines 
of sheep throughout the world. Other spe- 
cies of this genus have been reported from 
sheep in localized areas, and appear to be 
of minor importance. Considerable uncer- 
tainty has existed concerning the exact 
role of Nematodirus spp. in the general 
picture of parasitic disease of sheep and 
other ruminants. This was due to the lack 
of experimental proof of pathogenicity, in 
spite of the fact that heavy natural infec- 
tions in sheep of one or the other or both 
of the common species have been reported 
on many occasions, and various clinical 
symptoms and death losses have been at- 
tributed to these parasites. As expressed 
by Gordon," ‘‘a good deal of work is re- 
quired in order to establish the importance 
of this parasite.’’ The purpose of this pa- 
per is to present a brief summary of the 
literature on this subject, and the results 
of experimental work on pure infections, 
which have been reported in part by the 
writers **:** only in abstract form. 


SUMMARY OF LITERATURE 


Case Reports of Natural Infections.—It is not 
known whether N. spathiger and N. filicollis affeet 
their hosts in similar or dissimilar manner. It is 
known, however, that they often have been con 
fused of their similar morphology and 
common occurrence in the same host animal. These 


together this 


beeause 
two species will be considered in 
summary. 

The earliest report injurious effects of a 
Nematodirus species on ruminant that of 
Peeaud,” who reported that N. filicollis caused a 
high mortality in goats in French West Africa 
during the rainy season. Curtice® also stated that 
Nematodirus can cause distinct injury and losses 
when present in large numbers in Since 
the publication of these two early statements, un 
supported by data, in 1912 and 1922, respectively, 
most of the subsequent reports which considered 
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Nematodirus spp. important pathogens have been 
published during the last two decades. 

Othe: of of 
young sheep with Nematodirus spp., in which these 


reports heavy natural infections 
parasites were considered the primary or contribu 
tory cause of various clinical conditions and losses, 
have been made by the in the 
indicated: Australia Gordon,” 
Great Britain 
Morgan and Corner; 
Meeser;*” Brazil 
Eveleth and Goldsby,’ 
and Baker.” 


Because of limitations of space, no attempt will 


following writers 
Edgar, 
Taylor,” Robertson,” 
South Africa—Ryksen,” 
Gelormini; ~ United States 

Schwartz et al.,” Whitlock 


countries 
Bray; 


be made here to summarize these reports in detail. 
Some generalizations, however, can be made. With 
the exception of the by Ryksen,” 
stated that Nematodirus the only 
found in sheep raised in the Great Karroo (bush) 
of South Africa, the other cited 
state that observed heavy, 
of Nematodirus spp. 
greater infections 
parasites. 
mals with heavy 
usually of a 
companied by diarrhea, unthriftiness and emacia 
weakness, with 
Unfortunately, 
by 
in 
that 
on 


report who 


was parasite 
area reports 
infee 

with 
of 
in ani 


above natural 
were associated 
of other 
The clinical conditions observed 
Nematodirus infections consisted 


tions 


or lesser species 


parasitic enteritis, sometimes ac- 


tion by physical 
death 
most of 
total postmortem 
stances in which they 
under favorable conditions 
pasture of 30,000 
When the reports included some mention of feeal 
counts of Nematodirus eggs, 
very low in with 
sheep heavily infected with other species of gas 
trointestinal These of heavy, 
natural infections of Nematodirus spp., although 
in many cases lacking in detail, provide a substan 
tial body of evidence to the effect that these para 
sites may be of pathogenic importance under cer 
tain conditions. 


accompanied 
occurring 


in some cases. 


reports were not accompanied 
but the few 
recorded indicate 


natural 


these 
worm counts, 
are 
infections 
Nematodirus oceur. 


over may 


usually were 


in 


these 


comparison those observed 


parasites. reports 


In addition to the aforementioned reports, there 
are others in the literature of heavy, natural in 
feetions in apparently healthy sheep. For example, 
Kauzal reeovered up to 32,000 Nematodirus spp. 
from a ‘‘fat lamb,’’ and coneluded that infections 
of some thousands of these parasites may be found 
in healthy lambs. 

Experimental Work.—The main features in the 
life cycle of a Nematodirus species were described 
1915, but few attempts have 


by Boulenger*‘ in 
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been made to study the effects of these parasites 
in sheep in pure, experimentally induced 
Andrews obtained light experimental in 
fections in lambs but recorded no pathogenic ef 
fects. Kauzal™ administered Nematodirus spp. 
larvae to 6 lambs in different ways in doses up to 
40,000 without producing observable pathological 
effects. In with the work of Kauzal, 
two statements by Gordon” are of interest: one 
that ‘‘ Heavy artificial infestations with immature 
Nematodirus spp. have shown diarrhea,’’ and the 
other that ‘‘ Preliminary observations by Kauzal 
(1937) and his subsequent unpublished work sug 
gested that the immature worms were capable of 
causing ill effects.’’ 


infec 


tions, 


connection 


EXPERIMENTAL MBprHops 


Culture of Larvae 
Quantities of N. spathiger eggs were originally ob 
tained from diarrheic 
infections on 


and Infection of Lambs. 


lambs which had acquired 
pasture. Eggs were removed 
from the fluid feces and cultured in shallow water 
to obtain infective larvae. With these larvae, pure 
infections of N. spathiger established in 
otherwise parasite-free lambs. From 
fected, material was obtained 
or more NV. spathiger eggs per gram, and this was 
The 
routinely use] 


heavy 


were 
lambs so in 
fecal having 1,000 
employed for mass cultures of infective larvae. 


charcoal-feces culture method was 
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to obtain large numbers of infective larvae. After 
the larvae were removed from the cultures, they 
were counted by a of the routine dilu 
tion separated into lots for ad 
ministration to individual The 
larvae administered to lambs of a particular ex 
periment on the same day all came from the same 
bateh of larvae and were of comparable viability. 
Experiment 1,—Prior to the start of the first 
controlled experiment several parasit2-free lambs 
were given up to 100,000 larvae without noticeable 
effect. In this experiment 10 purebred Shropshire 
lambs, about 2 months old, were used. The ani 
mals were divided into two groups of 5 each. The 
total weight of the lambs of each group was the 
same at the start of the experiment (fig. 1). Five 
lambs of one group were fed respectively 2, 3, 4, 
5, and 8 hundred thousand N. spathiger larvae on 
the first day of the experiment. Three days later 
lamb 100,000 
bringing the total larvae fed the individual lambs 
to 3, 4, 5, 6, and 9 hundred thousand. The second 
group of 5 lambs were the uninfected controls. 


variation 
technique, and 


lambs. doses of 


each was fed an additional larvae, 


Each group of lambs was kept throughout the 
experiment in large, well-aired 
pens. Two such pens were available to each group 
reduce the chance of reinfection 
to a minimum, each group was transferred daily 
to a clean, dry pen. 


concrete- floored, 
and, in order to 


Thereafter, the used pen was 
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Fig. 1—Experiment 1: 


Average weight gains of 


infected and control lambs, larval 


dosages and time of administration, period of diarrhea, and the average fecal egg counts 
of the infected lambs. 
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Fig. 2—Experiment 1: Infected lambs (a) and uninfected control lambs (b); photograph 


taken twenty days after given first dose of larvae. 


Note soiled hind-quarters of infected 


lambs resulting from the diarrhea, and poor appearance of these lambs in comparison 
with the controls. 


cleaned, sterilized as thoroughly as possible with 
hot water, allowed to dry, and the lambs returned 
to it the next day, and so on. Each group 
rack-fed an excess of good grade of alfalfa hay in 
identical quantities throughout the experiment. 
The amount fed daily and 
placed in the After each group was trans 
ferred daily to the clean second pen, the uneaten 
hay was weighed and the 
corded, At weekly intervals the 
weighed individually, and blood samples obtained 
for hematological studies. The 
daily observation for gross clinical symptoms of 
infection. Feeal samples were obtained reetally on 
alternate days, and counts of N. 
per gram 
scribed by Turner.” All 
cant 
both throughout the course of the experiment. At 


was 


of hay was weighed 


racks. 
amount consumed re 
lambs were 


lambs were under 


spathiger eggs 
made by the method de 
the had insignifi 
coecidia or Strongyloides or 


of feces were 
lambs 
infections of 


the end of the experiment the infected lambs were 
killed, the parasites recovered from the alimentary 
tract, and counted by routine methods. 
Experiment 2.—The year following the comple- 
tion of the first experiment, a second one was car 
ried out to determine whether the results of the 
first year’s work could be confirmed, and to study 
the relative effects on 
similar numbers of larvae over a longer period of 
time, and the development of resistance to rein 
fection. Included in this experiment was a test of 
the relative effeets of feeding alfalfa hay versus 
natural grazing on lambs given similar multiple 
larvae. Eighteen lambs of about the 
months) and weight, and of the 
same those in experiment 1, were em 
ployed. lambs were divided into three 
groups of 6 lambs each, designated respectively as 
A, B, and C (fig. 3). In of the 
infected and 3 served as 


lambs of administration of 


doses of 
same age (2 
breed as 
These 
each groups, 3 


lambs were uninfected 


controls. Group A served to confirm the results of 


experiment 1, and to act as a control group, re 


ceiving the equivalent of a large dose of 
multiple 
The 


are shown 


single 
B and C 


four-week 


larvae, for groups receiving 


doses of larvae over a period. 


larval doses and time of administration 


in figure 3. Group C was identical with group B, 
with the exception that the lambs from the start 
of the experiment were grazed on pasture instead 
of being fed alfalfa hay in 
Two 


a pen as in group B. 
Kentucky 
were 


quarter-acre pastures, 


wild 


mainly of 


bluegrass and mixed grasses, used, 


These pastures had not been grazed by sheep for 
several years, and were uncontaminated with lar 
vae of sheep parasites as far as could be dete 
mined. The two pastures were separated by 
ing and a ditch to 
The 3 infected lambs were grazed on one pasture 
and the 3 uninfected other. All 
lambs were observed daily for the appearance of 


fene 


prevent cross contamination. 


controls on the 


clinical symptoms of infection and were caught at 
regular intervals to obtain blood and feeal 
and for The uninfected 
lambs were in good health, and their feces nega 
tive for N. spathiger eggs throughout the experi 
ment. 


sam 


ples, weighing. control 


terminal 
worm counts made on lambs in this experiment as 
it was other 
It was not possible to allow the lambs of group C 


No autopsies were done and no 


necessary to use them for purposes. 
to continue to graze the pastures longer than the 
12-week experimental which 
mid-August. 


period, ended in 
RESULTS 

The results obtained are 
graphically in figure 1. Fig- 
ures 2a and 2b are photographs of the in- 
fected and control lambs taken near the 
end of the period of marked clinical svmp- 


Experiment 1. 
summarized 
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toms in the infected lambs. Detailed data At the end of the first week, there was a 
on the individual lambs are not given in — slight reduction in weight gains and feed 
figure 1 as significant variations from the consumption in the infected lambs, this be- 
average are brought out in the text which coming more marked at the end of the see- 
follows. ond week, and very marked by the end of 
55 
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Fig. 3—Experiment 2: Data summarized for this experiment in same manner as in figure 
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the third week when the infected lambs as 
a group weighed about 35 Ib. less than the 
controls, the average being about 7 lb. per 
lamb. From the end of the third week un- 
til the experiment was terminated, the av- 
erage weight difference per lamb in the 
infected and uninfected groups fluctuated 
between 7 and 10 Ib., the terminal weight 
difference being slightly greater than that 
recorded after the third week. Even after 
the acute phase had passed, the retained 
infections appeared to have some slight 
effect on growth. 

The retardation in growth of the in- 
fected lambs was accompanied by diarrhea 
and marked physical weakness during the 
second and third weeks after administra- 
tion of larvae (fig. 1 and 2). These symp- 
toms gradually disappeared during the 
fourth and sueceeding weeks. The fluid 
stools of the infected lambs were gradually 
replaced by intermittent soft or mushy 
feces and, eventually, by formed pellets. 
The duration of diarrhea was not the same 
in all lambs. Two lambs, receiving the 
largest numbers of larvae (600,000 and 
900,000), had acute diarrhea on six differ- 
ent days, in 1 case continuous and in the 


other interrupted on two days by mushy 
stools. The first appearance of diarrhea in 
any of the lambs occurred on the eleventh 
day after infection and the last on the 


nineteenth day. The 3 lambs fed 500,000 
larvae or less had diarrhea for periods of 
one to three days during the second week, 
and mushy stools on many days through 
the fourth week. 

Diarrhea usually developed in the in- 
fected lambs before eggs appeared in the 
feces (fig. 1); this was true of all lambs, 
except the 1 receiving the smallest number 
of larvae, in which case it occurred first on 
the sixteenth day, one day after eggs first 
appeared in the feces. Therefore, the acute 
phase of the infections occurred before 
any, or the bulk, of the worm population 
reached maturity, and the symptoms ob- 
served resulted in great part from the ac- 
tivities of immature worms. The peak of 
the feeal egg counts, averaged for all 
lambs, was reached on the twenty-first day 
after larvae were first fed. Thereafter, 
egg production gradually declined until it 
reached a very low level by the twelfth 
week. As the output of NV. spathiger eggs 
in the feces of the lambs neared its peak, 
diarrhea ceased, and thereafter the lambs 
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H. TuRNER 
regained their desire for feed, and made 
almost normal weight gains. The total 
weight gains of the individual, infected 
lambs for the entire experimental period 
varied from 9.5 to 19 Ib., the weight gains 
with one exception being directly related 
to the number of larvae administered, 
while the uninfected lambs gained from 
20.5 to 29 Ib. each over the same period. 

Autopsy of the infected lambs at the end 
of the twelfth week showed the presence of 
50, 65, 170, 360, and 510 N. spathiger in 
the 5 different lambs, which was a very 
small retention of worms, considering the 
large numbers of larvae fed. Some of the 
worms were Immature, indicating that a 
few eggs deposited on the conerete floors of 
the pens may have been able to embryo- 
nate and hatch, even though precautions 
were taken against reinfection. It is pos- 
sible, but not probable, that the hosts’ re- 
sistance developed as a result of the infee- 
tions may have been instrumental in pre- 
venting maturation of a few worms over 
the twelve-week period. 

Hematological studies were not signifi- 
cant. Only the lamb receiving the largest 
number of larvae had _ slightly reduced 
hematocrit and hemoglobin values mid- 
way during the experiment, but these re- 
turned to normal shortly thereafter. The 
leukocyte picture showed no. significant 
change. 

Experiment 2.—The results this 
experiment are summarized in figures 3 
and 4. Group A, which was similar to ex- 
periment 1, produced similar results. The 
count data of the individual lambs 
(fig. 4—group A) shows that there was 
some variation in the appearance of the 
peak egg count, which in 1 lamb was 
reached during the third week, in another 
during the fourth week, and in another 
during the sixth week. In all cases, how- 
ever, the egg counts declined to very low 
levels by the eighth week, much as in ex- 
periment 1. It would appear, therefore, 
from the data of two separate experiments 
that the administration of several hundred 
thousand N. spathiger larvae over a three- 
day period to parasite-free lambs, fed al- 
falfa hay in confined quarters, resulted in 
the development of an acute but transient 
diarrhea, accompanied by marked retarda- 
tion of growth. 

The results obtained from groups B and 
C of this experiment (fig. 3 and 4) varied 
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Fig. 4—Experiment 2: Fecal egg count data of individual infected lambs. 


somewhat from those of group A and ex- 
periment 1. Group B lambs, which also 
were fed alfalfa but given multiple doses of 
larvae, did not develop as marked symp- 
toms as the infected lambs of group A or 
those of experiment 1. Diarrhea, when it 
occurred, was of shorter duration, and in 1 
lamb was delayed in appearance until the 
fifth week. Retardation in growth of the 
infected lambs was less marked, the maxi- 
mum weight difference between the in- 
fected and control lambs averaging only 
about 5 lb. per lamb, or about one half that 
of group A and the lambs of experiment 1. 
On the ninth week, and thereafter, the 
weight differences between the infected 


and uninfected lambs of group B was not 
as great as from the fourth to eighth week 
of the experiment. It is probable that this 
was due to the occurrence of a heavy coc- 
cidia infection in 1 of the eontrol lambs; 
this infection was accompanied by mushy 
stools during the ninth week, and a loss of 
about 4 Ib. in weight instead of the usual 
gain. During the tenth week this lamb re- 
covered and made about normal weight 
gains thereafter. 

The results obtained from group © on 
pasture (fig. 3) paralleled those of group 
B, with certain exceptions. Although the 
larval doses given to group C lambs were 
the same as in group B, the difference in 
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weight gains of infected and control lambs 
was not as great. Furthermore, no diar- 
rhea appeared in the infected lambs dur- 
ing the twelve weeks of the experiment. 
However, even without the appearance of 
diarrhea the growth of the infected lambs 
was significantly retarded, the control 
lambs averaging 2 to 4 Ib. more than 
the infected ones after the fourth week of 
the experiment. The effect of the infec- 
tions on the growth of the lambs in groups 
B and C may have been much alike, even 
in the absence of diarrhea in group C 
lambs, if the infections established in all 
lambs had been comparable. However, the 
fecal egg count data show (fig. 4, group C) 
that lamb 162 never developed a very large 
population of adult worms. This lamb ap- 
parently was naturally resistant to infee- 
tion with Nematodirus, and by making 
better than average weight gains, as com- 
pared to the other 2 infected lambs of the 
group, served to make the difference in 
average weight gains between the infected 
and control lambs of group C less marked 
than in group B. 

Another difference between the results 
of multiple infections of lambs in groups 
B and C of this experiment and the infee- 
tions established in group A and experi- 
ment 1 was noted in the fecal egg count 
data. In experiment 1 and group A of this 
experiment the fecal egg counts (fig. 1 and 
4) usually rose to a peak between the third 
and fourth weeks after dosing, and then 
gradually decreased to a low level in sue- 
ceeding weeks. In groups B and C of this 
experiment however, there was a tendeney 
toward secondary and, in some cases, terti- 
ary peaks in the egg counts (fig. 4, groups 
Band C). Inlambs 173 and 115, which had 
three peaks, the second was the highest, 
while in 2 of the 3 lambs, 116 and 117, hav- 
ing only two peaks, the first was higher 
than the second; in lamb 148 the two peaks 
were about equal. Lamb 162 never devel- 
oped a distinet egg count peak, the counts 
remaining at a very low level throughout 
the patent period. These variations in the 
fecal egg counts of the lambs given mul- 
tiple doses of larvae were probably due to 
variations in the development of resistance 
to reinfection in individual lambs. 

The results of hematological studies 
made on the lambs involved in this experi- 
ment were inconclusive, as in experiment 
1. Both the infected lambs and the con- 
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trols of group © (pasture group) showed 
slightly lower packed red cell and hemo- 
globin values at the end of the experiment 
than at the start, but this was due to mod- 
erate Haemonchus contortus infections ac- 
quired late in the experimental period by 
all the lambs. We have found it very diffi- 
cult, if not impossible, to prevent some 
extraneous contamination of the pasture 
during the course of an experiment of this 
kind, 
DiscUSSION 

The results of experimental work on 
pure infections of N. spathiger in voung 
lambs reported herein, added to the vari- 
ous reports of disease and losses of stock 
thought to be due to heavy natural infee- 
tions of Nematodirus spp., support the 
conclusion that these parasites have defi- 
nite pathogenic potentialities. It is also 
evident from our work and that of Kau- 
zal that in pure, experimental infections 
of well-nourished lambs, well-defined ¢lin- 
ical symptoms, such as diarrhea and emaci- 
ation, occur only after administration of 
very large numbers of larvae. The results 
reported herein show that N. spathiger 
alone, in heavy experimental infections, is 
capable of causing an acute diarrhea of 
variable duration, accompanied by physi- 
cal weakness and marked retardation of 
growth. The effect produced by the para- 
sites in the intestines is essentially that of 
a catarrhal enteritis. These effects appar- 
ently result primarily from the activities 
of the immature worms, although it is 
likely that adult parasites also play a part 
in producing symptoms. The fact that in 
our experimental infections diarrhea often 
began to appear before eggs of the parasite 
were eliminated in the feces, supports the 
view expressed by Gordon,'®'' that imma- 
ture worms are capable of causing ill ef- 
fects. Furthermore, the fact that the most 
marked effect on the health of the experi- 
mental lambs resulted from administration 
of large numbers of infective larvae over a 
three-day peried, suggests that when clini- 
cal effects oceur as a result of heavy nat- 
ural infections of Nematodirus spp. in 
young ruminants, as have been reported 
by various authors already cited, they 
were probably due to ingestion of large 
numbers of infective larvae rela- 
tively short time. 

When the writers administered 500,000 
larvae to lambs in nine doses spread over 


over a 
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a pericd of four weeks, the effects were not 
as marked as when similar numbers of lar- 
vae were administered over a period of a 
few days. Furthermore, the period of re- 
tention of heavy infections was not signifi- 
cantly extended in the lambs receiving 
larvae over the long period. These results 
reported herein show that in uncompli- 
cated Nematodirus infections a relatively 
strong resistance to reinfection develops 
rapidly, and many of the larvae ingested 
by lambs, after an initial infection has be- 
come established, do not develop to matu- 
rity and are probably expelled from the 
host after short, variable periods of resi- 
therein. This experimental demon- 
stration of acquired resistance to N. spath- 
iger infections confirms the extensive 
observations of Tetley ** on natural Nema- 
todirus infections in sheep in New Zealand. 
Tetley determined that significant infee- 
tions of Nematodirus spp. occurred almost 
entirely in lambs under nine months of 
and the numbers were high in lambs 
in the spring and summer and low in fall 
and winter. He concluded that infections 
with these parasites may give rise to a re- 
sistance or acquired immunity of long 
Taylor ** arrived at the same 
fili- 


dence 


age, 


standing. 
conclusion after studying natural N. 
collis infections in lambs. 

A number of reports have been cited in 


which natural infections of Nematodirus 
spp. predominated over lesser infections of 
other parasites in sheep. However, there 
are many reports of substantial Nemato- 
dirus infections accompanied by  signifi- 
cant infections of other known pathogenic 
gastrointestinal parasites. In fact, in nat- 
ural infections on pasture it is difficult to 
separate the effects of one species of para- 
site from another, but with more informa- 
tion obtained from experimental work it 
may be possible to interpret findings from 
natural infections with more precision. 
For example, Andrews? and others have 
demonstrated that heavy experimental in- 
fections of Trichostrongylus spp., particu- 
larly Trichostrongylus colubriformis, pro- 
duce the same general effects on lambs as 
the writers have observed in heavy experi- 
mental infections of N. spathiger, differing 
only in the intensity of the symptoms pro- 
duced. When Andrews’? experimental in- 
fections of lambs with 7. colubriformis are 
compared with those produced with N. 


spathiger, more severe effects were ob- 


A TRICHOSTRONGYLID PARASITE OF SHEEP 79 


served in heavy infections of the former 
than the latter species. Specifically, ad- 
ministration of less than 200,000 7. colub- 
riformis larvae by Andrews produced 
acute diarrhea and death of several lambs 
and kids, while diarrhea and emaciation 
without fatalities resulted when 300,000 to 
G00 000 N, spathige r were given to lambs 
of similar age, and under approximately 
similar conditions, by the writers. These 
data indicate that the basic effects of these 
two species are the same, T. colubriformis 
probably being more pathogenic, worm for 
worm, than spathiger. 

Another point of similarity between 
Trichostrongylus spp. and Nematodirus 
spp. is the fact that their pasture stages 
survive well in cool weather (see Kates '*). 
This similarity in behavior of the pasture 
stages would tend to result in heavy infee- 
tions of these species occurring together in 
sheep, each species contributing its share 
to the losses incurred. An example of such 
a situation was recently reported by 
Schwartz eft al.2° Very great losses of 
lambs occurred in a large sheep feeding 
establishment and, among other symptoms 
observed, many of the affected lambs suf 
fered an acute catarrhal enteritis caused 
mainly by very heavy mixed infections of 
T. colubriformis and N. spathiger. In 
addition to these two species, others were 
also found; for example, many of the 
lambs were anemic as a result of J. con- 
tortus infections superimposed on intesti- 
nal and other parasitisms. 

Another important feature in assessing 
the role of Nematodirus spp. in parasitic 
disease of lambs is the time sequence in ac- 
quisition of infection on pasture. The work 
of Tetley,*’ Kates,'* and others have shown 
that pasture stages of Nematodirus spp. 
survive winter exposure on pasture much 
better than most other parasite pathogens 
of sheep. Therefore, heavy infections of 
Nematodirus may be acquired by lambs 
very early in the spring and, in addition to 
exerting their specific effect, may increase 
the susceptibility of lambs to the effects of 
other parasites, which may be acquired 
later in the grazing season from residual 
infections carried over the winter in the 
ewes or on pasture. This situation may be 
reversed. From the results reported herein 
and those of Tetley,*’ resistance to reinfee- 
tion by Nematodirus spp. develops rapidly. 
Several weeks after heavy infections have 


0) K. C. Kates J. 


been acquired, they usually reach a low 
level. However, upon acquisition of heavy 
infections of other pathogenic species dur- 
ing the grazing season, the acquired resist- 
ance to reinfection with Nematodirus spp. 
may be lowered or lost, and heavy infee- 
tions may build up anew later in the graz- 
ing season. Monnig*’ also theorized that 
infections of N. spathiger may reduce the 
resistance of sheep to other worm infec- 
tions but, in the writers’ opinion, the re- 
verse may also occur. Heavy Nematodirus 
infeetions have been seen, as late in the 
year as October, in 6- to 8-month old lambs 
(unpublished data) which had been ex- 
posed to contaminated pasture throughout 
the grazing season. 

A problem in diagnosis is posed by the 
fact that acute symptoms of Nematodirus 
infections appear to oecur when the ma- 
jority or a sizable proportion of the worm 
population is immature, and it is not until 
the acute period is past, or not at all, that 
fecal egg counts may reach a relatively 
high level. Furthermore, it is well known 
that Nematodirus spp. are poor egg pro- 
ducers. The statement by Eveleth and 
Goldsby * that ‘*. in many cases the 


feces do not contain ova of these parasites 
when they are present in large numbers,’’ 


summarizes the problem very well. When 
such a situation does occur, an autopsy is 
indicated, and the digestive tract should be 
examined with great care for immature 
worms, 


SUMMARY 


1) The important literature on the 
pathogenicity of Nematodirus spp. of do- 
mestic ruminants is briefly reviewed. 

2) The results of two experiments in 
which a total of 14 lambs were given from 
300,000 to 900,000 infective larvae of Nem- 
atodirus spathiger each, 8 lambs given the 
larvae in two doses over a three-day pe- 
riod, and 6 lambs given the larvae in nine 
doses over a four-week period, are sum- 
marized as follows: 

a) Regardless of the manner in which 
larvae were administered, the infected 
lambs were significantly retarded in 
growth as compared to the uninfected con- 
trols. Lambs which received larvae over a 
short period showed the most marked ef- 
fects on growth, and by the end of the 
third week after infection averaged about 
7 Ib. less than the uninfected controls. 
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This weight differential later approached 
10 lb. per lamb. 

b) Diarrhea of varying duration 
curred in the 11 infected lambs which were 
fed alfalfa hay in pens but did not oceur 
in the 3 infected lambs on pasture. Diar- 
rhea was most acute and of longer dura- 
tion in lambs fed large doses of larvae over 
a three-day period, and of these in the 
lambs receiving the greatest number of 
larvae. In lambs fed larvae over a three- 
day period, diarrhea usually appeared 
during the second week after infection be- 
fore the parasite population reached ma- 
turity, and usually ceased shortly before 
or after the fecal egg count peak was 
reached. Unformed or mushy stools oc- 
curred intermittently for some time there- 
after. In lambs given multiple doses of 
larvae over a period of four weeks and fed 
alfalfa hay, the appearance of diarrhea 
was delayed and of shorter duration in 
comparison. 


OCc- 


c) Most of the infected lambs recovered 
sufficiently from the acute phase of the in- 
fections by the end of the fourth week af- 
ter receiving the original dose of larvae to 
resume almost normal weight gains and 
normal feed consumption. Recovery from 
the acute phase was correlated with a gen- 
eral decline in the number of eggs passed 
in the feces. By the end of twelve weeks 
when the experiments were terminated, re- 
covery in all cases appeared complete ex- 
cept for the retained set-back in weight 
gains, and the feces were negative for eggs 
or the fecal egg counts were low. There 
were no deaths of any of the infected 
lambs. 

d) The pathogenic effects of the para- 
sites appeared to be localized in the small 
intestines, and no significant hematological 
changes were observed. 

3) The pathogenic effects of heavy ex- 
perimental infections of N. spathiger on 
young lambs appear to be similar, though 
less acute, to those produced by Tricho- 
strongylus colubriformis. 
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Methods for Isolation of Listeria Monocytogenes from Sheep 


CARL OLSON, Jr., D.V.M., Ph.D.; L. A. DUNN, B.S.; C. L. ROLLINS, M.S. 


Lincoln, Nebraska 


SINCE THE DISCOVERY of Listeria monocyto- 
genes as a pathogen, many reports on its 
isolation by routine methods from the or- 
gans of animals and man have been pub- 
lished. Biester and Schwarte' reported 
that L. monocytogenes in brain tissue from 
sheep remained viable for over five months 
when stored in sterile 50 per cent neutral 
glycerin at about 45 F. Biester and 
Schwarte * reported that L. monocytogenes 
could be isolated from refrigerated brain 
suspension in some instances when cultures 
from the fresh brain were negative. The 
suspensions of bovine brain in tryptose 
broth were refrigerated at 4. for five 
weeks to three months. 

Gray et al.‘ have described a selective 
medium containing potassium tellurite. 
They reported excellent results using this 
medium for the isolation of L. mono- 
cytogenes. 

This report deals with the attempts to 
isolate L. monocytogenes from tissues of 
sheep infected both experimentally and 
naturally. The data have come from vari- 
ous experiments and are intended to show 
the relative merits of different procedures. 


MATERIALS AND METHODS 


Tryptose broth and tryptose agar have been the 
standard medium for growing L. 
Tissues from field and experimental cases of lis 
teriosis used for the attempts at isolation 
cerebrum, cerebellum, brain stem, 
kidney, lymph node (mesenteric), lung, and bone 
marrow. After searing the 
(0.25-1.0 ee.) of tissue was aseptically removed to 
a sterile 15-ml. tissue grinder,’ about 12 ml. of 
tryptose broth were added, and the whole 
thoroughly ground. The inner unit of the tissue 
grinder was then removed and the outer jacket 
was stoppered with a sterile cotton plug and in 
cubated at 37.5C. for twenty-four to forty-eight 
hours, thus growing the cultures in the receptacle 
Duplicate 


monocytogenes. 


were 
liver, spleen, 


surface, a portion 


was 


used for crushing the tissue. cultures 
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Service 


were usually made and were incubated twenty-four 
then 


were 


to forty-eight hours, examined by Gram 


stain. Negative tubes reincubated and re 


Those tubes positive for Listeria were 
further 


was made to isolate 


examined, 
and an at 


from any con 


subcultured for identification 


tempt Listeria 
taminated cultures. 
identified as / 


morphology in 


Isolations monocytogenes 
by the 


growth on tryptose agar, fermentation of glucose 


were 


Gram stain, translucent 


to acid in twenty-four hours, the characteristic 


the aggluti 
(rabbit) 


motility in a semisolid medium,” and 
nation by a L. 


having a titer of at 


monocytogenes antiserum 
least 1: 

Among various methods tested as aids in isola 
tion of L. 
cate, use of mice, storage in glycerin, centrifuga 


1280 
monocytogenes were culturing in dupli 


tion, and selective mediums. 
> 
RESULTS 


Culturing in Duplicate—As might be 
expected, the use of two samples in sepa- 
rate tissue grinders for primary isolation 
of Listeria was better than using only one. 
In one series of 78 trials, three parts of the 
brain were cultured in duplicate. There 
was agreement (either both positive or 
both negative) in 66 instances. However, 
in the 12 remaining trials only one of the 
two grinders was positive. Most of these 
were from the cerebrum where the concen- 
tration of Listeria was, perhaps, less than 
in the medulla or cerebellum. 

Isolation Using Mice.—Mice, 6 to 12 
weeks old were inoculated  intraperito- 
neally with 0.2 ml. of a suspension of the 
tissue being tested. Two mice were used 
for each test. They were killed forty-eight 
hours later and the spleen aseptically re- 
moved, ground, and cultured as described 
for the organs from sheep. Listeria mono- 
cytogenes was recovered from the spleens 
of mice in nine out of 114 trials (table 1 
In 7 recovery of the organism was 
from mice inoculated with suspensions of 
liver and spleen. The presence of L. mono- 
cytogenes was demonstrated in 25 of these 
same tissues by culture of the fresh mate- 
rial in tryptose broth. In no instance was 
recovered from the 
spleen of mice when the direct culture in 
broth was negative 


CASES, 


L. monocytogenes 
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Storage in Glycerin.—A series of trials 
was made to observe the effect of storage in 
glycerin. At the time of direct culture, a 
portion of the same tissue was put into a 
tube of sterile 50 per cent glycerin in nor- 
mal saline and refrigerated at 4 C. After 
approximately two months’ storage, cul- 
tures were made from the glycerinated 
tissue, 

Listeria was isolated from one or more 
tissues of 77 sheep whose organs were cul- 
tured in both the fresh and glycerinated 
state. Listeria monocytoge nes was demon- 
strated in 93 samples of fresh tissue, 
whereas only 47 isolations were made from 
specimens of glycerinated tissue (table 2) 
Thus, the number of samples positive for 
Listeria after storage of about two months 
in glycerin was reduced by one half (93 to 
47). Cultures made after storage in glye- 
erin revealed only 17 per cent reduction 
(142 to 119) in number of contaminants. 
The decrease in isolations of 
Listeria after storage in glycerin was rel- 
atively greater in specimens from the liver, 
spleen, kidney, and lung than from the 
brain. Perhaps this was due to a smaller 
number of organisms in these tissues. 


successful 


Centrifugation—Preliminary trials in- 
dicated that broth cultures of Listeria with 
(dioety] sodium sulfosuccinate ) 
added could be centrifuged at a force of 
24,000 times gravity for two hours and 
Listeria would remain in the supernatant 
fluid. A number of trials were made to de- 
termine whether this characteristic would 
be of value in the isolation of Listeria from 
contaminated cultures. The contaminants 
were gram-positive cocci and rods as well 


aerosol 


TABLE i—Results of Mouse Inoculation for 
Recovery cf Listeria Monocytogenes in Com- 
parison to Recovery From Broth Culture 


Mouse Broth 
posi nega posi nega 
Tissue F ive tive tive tive 


Brain stem 2 ) ‘ 10 
Cerebellum 2 12 
Choroid plexus ; ) 
Ventricular fluid ) 
Liver 

Spleen 

Kidney 

Bone marrow 


Lymph node 


Tota 


ISOLATION OF LisTERIA MONOCYTOGENES IN SHEEP 83 


as gram-negative rods of various sizes. 
Five-milliliter samples of culture were 
spun from one to three hours in an angle- 
head centrifuge at a force of 24,000 times 
gravity. Approximately 0.2 ml. was then 
taken from about 3 to 6 mm. below the sur- 
face for subculture. 


TABLE 2—Comparative Results of Attempts 

to Isolate Listeria Monocytogenes From Fresh 

Tissue and the Same Tissue After Storage in 

50 Per Cent Glycerin at 4 C. for About Two 
Months 


Contaminated 
No growth only 


Listeria 
positive 
No. of glye« gly« gly« 
fresh 


Tissue trials erin fresh erin fresh erin 


Medulla 
Cerebrum 
Cerebellum 
Liver 

Spleen 
Kidney 
Lymph node 
Bone marrow 
Lung 


Total 


from 77 with 
mental listeriosis and Listeria monocytogenes was present 


Tissues were sheep natural or experi 


in at least one organ of the body 


Sometimes a pure culture of Listeria 
could be obtained with this technique. 
However, contaminants were not always 
forced down. In one series of 66 centrifu- 
gation trials, contaminants, as well as Lis- 
teria if present, were spun down in 38 
instances. In these trials, Listeria was re- 
covered in four instances from the super- 
natant fluid of the centrifuged culture. 
Streak plating of the same four contam- 
inated cultures also led to pure culture 
isolation of Listeria. There were three in- 
stances where centrifugation did not yield 
Listeria but isolation was accomplished by 
plating methods. 

Selective Mediums. 


Limited investiga- 
tion was made on the use of two selective 
mediums, one containing 0.05 per cent po- 
tassium tellurite* and the other ineorpo- 
rating crystal violet. 

Crystal violet in dilutions of 1 by 10 


2 by 10°, 5 by 10°, and 1 by 10° was 
added to tryptose agar. Suspensions of 
two Listeria strains were streaked on plates 
with and without the added crystal violet. 
After incubation, the plates were observed 
for evidence of inhibition. Both strains 
were found to be susceptible to several dij 
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lutions of the dye. Marked inhibition was 
noted even in dilution of 1 by 10°. 

Twelve strains of Listeria were plated 
on potassium tellurite tryptose agar and 
on tryptose agar. Two strains were com- 
pletely inhibited in the presence of the 
tellurite. Six strains showed only a slight 
decrease in colony size on the tellurite agar 
and four of the strains showed a definite 
decrease in size and numbers of colonies. 
Limited attempts to this selective 
medium for direct isolation from brain 
tissue known to contain Listeria were 
unsuccessful. 


use 


DIscUSSION 


Various factors may influence the sue- 
cessful isolation of Listeria monocytogenes 
from tissues of animals infected with this 
organism. In many instances, the organism 
can be isolated without difficulty from the 
brains of sheep dying with the infection 
during a natural outbreak of the disease.° 
The problem of isolation seems to be more 
difficult in cattle.’ The foeal localization of 
organisms has been suggested as one fae- 
tor.’ The oceurrence of other types of bae- 
teria as contaminants can be a 
problem. This difficulty may be partially 
overcome by scrupulous attention to de- 
tails at time of culturing and by the use of 
fresh or properly preserved material. 

Repetition of the attempt at isolation by 
use of a duplicate sample in a second tissue 
grinder did lead to more isolations. The 
value of this procedure was apparent in 
attempts at isolation from infected brain 
tissue. This method is recommended. 

The use of mice for the purpose of isolat- 
ing L. monocytogenes showed little prom- 
ise. It appeared that mice would survive a 
small dose of the organisms and, therefore, 
mice were killed forty-eight hours after 
intraperitoneal injection of the tissue sus- 
Probably the natural resistance 


serious 


pension. 
and ability of mice to overcome small doses 
of L. monocytogenes precludes the use of 
this animal as a means of isolation of the 
organisms when they are present in small 
number. 

It would appear that direct isolation of 


L. monocytogenes can be obtained from 
fresh tissue more frequently than from the 
same tissue after storage in glycerin. There 
were few instances when the fresh tissue 
was negative and the organism was isolated 
from the glycerinated tissue. A disadvan- 
tage was that storage in glycerin not only 
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had an adverse effect on Listeria but did 
not significantly the number of 
other organisms. 

Centrifugation of broth 
moved many contaminating 
from the supernatant portion, particularly 
those larger than Listeria. Gram-negative 
rods were not regularly removed by cen- 
trifugation and occasionally overgrew any 
Listeria present on streak plates. 

Sometimes centrifugation aided in isola- 
tion of Listeria. instances, 
where the force applied drove the organism 
from the supernatant area, would indicate 
a lack of reliability. This was supported 
by successful streak plate isolation from 
mixed cultures that did not yield Listeria 
after centrifugation. 

The selective mediums containing potas- 
sium tellurite * caused inhibition of some 
strains of L. monocytogenes in our collee- 
tion. It did inhibit growth of gram-nega- 
tive contaminants. Further study is neces- 
sary for adequate evaluation 


reduce 


cultures re- 


organisms 


Occasional 


SUMMARY 


Observations have been made on various 
methods for isolation of L. 
from tissues of sheep experimentally and 
naturally infected with the organism. The 
best results were obtained by grinding du- 
plicate samples of fresh itssue in Ten 
Broeck tissue grinders. The tissue was sus- 
pended in tryptose broth, added directly to 
the tissue grinder and ineubated in the 
grinder itself. In a few instances, isolation 
was accomplished from a similar quantity 
of tissue that had been stored at 4 C. in 50 
per cent glycerin when the fresh tissue was 
negative. Glycerin did not appreciably re 
duce the number of contaminants present 
in tissue samples but did markedly de- 
crease the Listeria. Intraperitoneal injec 
tion of tissue suspension into mice was not 
a reliable method for isolation of the or- 
ganism. Some strains of Listeria were 
found to be sensitive to 0.05 per cent potas- 
sium tellurite in a selective medium. Crys- 
tal violet was inhibitory to growth of 
Listeria in very low concentration. Mod- 
erately high speed eentrifugation (24,000 
times gravity) of mixed cultures would 
sometimes lead to separation of Listeria in 
the supernatant from contaminants in the 
centrifugate. The procedure was not as 
reliable as streak plating for pure culture 
isolation. 
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Life History of the Coccidian Parasite, Eimeria Arloingi, 
in Domestic Sheep 


JOHN C. LOTZE, Ph.D. 


Beltsville, 


NorMAuLLY harbor several species of 
Coecidium. Previous investigations on 
these protozoan parasites have been con- 
cerned principally with the specifie identi- 
fications based on the morphology of the 
odeysts and with the effects of natural or 
experimental infections on sheep. The en- 
dogenous phase of the life histories of the 
various species of Coccidium infesting 
sheep has received comparatively — little 
attention, 

It is the purpose of the present paper to 
record the findings of a study on the en- 
dogenous development of Eimeria arloingi 
(Marotel, 1905)* in lambs, which had been 
raised parasite-free prior to experimental 
infection with this parasite. This study 
was carried out at the Agricultural Re 
search Center, Beltsville, Md. 

Merriops 


MATERIALS AND 


With the aid of a micromanipulator, sporulated 
odeysts of FE. arloingi were isolated from culture 
material originally obtained from the feces of do 
mestic sheep at the Agricultural Research Center 
at Beltsville, Md. Two parasite-free lambs were 
inoculated with total of 85 
oocysts in gelatin capsules was administered to 1 


these odcysts, A 
of the host animals, and 250 odcysts were admin 
istered in like manner to the other. The feces of 
both sheep were collected between the twentieth 
and thirtieth days following inoculation, 
broken up in water, and placed in a sieve having 
a 200-mesh The filtrate was collected in 
2-liter beakers and allowed to settle for twenty 
four hours, after which it was decanted down to 
the sediment. 
freed further from debris by sedimentation and 
decanting, after which the sediment 
the odcysts was placed in a 2 


were 


screen, 


The odcysts in the sediment were 
containing 
2 per cent solution of 
potassium dichromate, This suspension was poured 
to a depth of % 


» to ™% in. into large glass dishes 
to allow the oécysts to sporulate at room tempera 
ture. About two weeks later, or at the time when 
sporulation had the sediment 
the odcysts was freed of the 


mate by a series of sedimentations and decantings, 


ceased, containing 


potassium dichro 
and was administered in about equal amounts in 


From the Zodlogical Division, U. 8S. Bureau of Animal 


Industry, Beltsville, Md 


Maryland 


gelatin capsules to each of 4 free lambs. 
Two of died 
The feees of the 
lambs were collected and treated according to the 
The 
these sheep were administered to 
this 


parasite 


these lambs before odecysts were 


found in their feces other 2 


procedure given above. sporulated oocysts 


from lambs to 
produce the infections discussed in 

The 
the 


steel 


paper, 
used in isolated at 
birth by 


where 


lambs this study were 


time of immediately in 
taken 


were 


being placed 
further precautions were 
The 


a mixture of evaporated cow’s milk, 


cages 


to exelude extraneous infections lambs 
fed by bottle 
syrup, formula 
fish 


“a day. In 


corn and water, according to a 


for feeding human infants. One to 3 ce. of 


liver oil was given to each lamb 


there 
with coccidia originated from a 


Ones 
that an infection 


othe 


only 1 case was evidenes 


soures than 
an experimental inoculation 

In all inoculations made in this study, the sporu 
lated odeysts were placed in gelatin capsules and 
administered to the sheep. This procedure, rather 
than that in which the 


followed 


given by 


oocysts are 


drench, was because evidence from pre 


liminary tests on excystment of sporozoites in vivo 
showed that: (1 
retained in the 
intestine 


if the sporulated o6cysts are not 
the 


may be 


alimentary canal anterior to 
for 


earried through the small intestine of the host be 


small over six hours, they 
fore the sporozoites are activated to excyst, and 
that the 
method intestine, 


while 


(2) odeysts administered by drench 


may readily pass to the small 


gelatin « apsules 


and be 


those administered in 
more likely to the 
there for a hours, 


enter rumen retained 
number of 

Nineteen lambs were inoculated and slaughtered 
according to a schedule shown in table 1. Except 
in 2 cases, in which lambs were slaughtered earlier 
than twenty-four hours after inoculation, seetions 
were obtained of the rumen, reticulum abomasum, 
omasum, and the cecum, and 15 or more additional 
samples were obtained from the wall of the small 
and large intestine of each obtaining 
the latter the 


stripped loose, laid out in loops 3 ft. in length, and 


sheep. In 


samples, intestines were quickly 
a sample was taken at each distance of 3 ft., be 
the 


intestines 


ginning at duodenum. Following this 
cedure, the 
were taken 
evidence of change, 
The samples of the wall of the alimentary canal 


were fixed in Bouin’s solution and 


pro 


were opened and samples 


from such additional as showed 


areas 
such as hemorrhagic spots. 
sectioned. 
Delafield ’s 
with 


later 


Sections were stained routinely with 


hematoxylin and, in special instances, iron 


hematoxylin and eosin, or Giemsa’s stain. 
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SPOROZOITES AND SCHIZONTS small intestine of the sheep slaughtered twenty 


The sporozoites found in fixed and sectioned four hours after inoculation. A number of sporo 
material were somewhat ovoid or oblong in shape Z0ites were found in the erypts of Lieberkuehn of 
fig. 4,5,6,7,8,and9). These parasites measured the sheep slaughtered two and three days after 
about 6.5 « in length and about 3.2 » in width. In inoculation. In the epithelial lining of these 
the center of each was a nucleus of about 1.5 4 in ¢rypts, sporozoites were found in infections of 
diameter, and in the larger end of each parasite One, two, three, five, and seven days’ duration. 
there was a more or less spherical mass of cyto Sporozoites in such locations are illustrated in 
plasm which stained somewhat red to gold with figures 5 and 6, 
eosin, Sporozoites in the tunica propria of the small 
Sporozoites Jocated outside of the intestinal intestine (fig. 7) were found in infections of seven 
tissues were found in sheep slaughtered twenty and nine days’ duration. Sporozoites free in the 
four to seventy-two hours after inoculation. One central laeteals of the villi of the small intestine 
sporozoite (fig. 4) was found in the lumen of the (fig. 8) were found in infections of seven and nine 


TABLE 1—Data Relative to Infections Produced for the Study of the Endogenous Phase 
of the Life History of Eimeria Arloingi in Domestic Sheep in the Summer of 1948 


Duration of Odcysts in 
infection Sheep inoculum Stages of parasite found* 
days No (millions) 


100 Apparently unchanged sporulated odcysts present throughout alimentary 
canal from rumen to large Intestine 


Some apparently unchanged sporulated odcysts in alimentary canal 
downward commencing with rumen Many odécysts in upper small in 
testine contained sporozoites outside the sporocysts. Many odcysts in 
lower small intestine contained only empty sporocysts 


Findings of contents of alimentary canal similar to that of 916. In sec 
tions of small intestine one sporozoite found in lumen and many others 
found in cells lining the crypts of Lieberkuehn 


Traces of material inoculated found only in the cecum, material consist 
ing of empty odcysts and ojcysts containing residual material and empty 
sporocysts. Sporozoites in cells lining the crypts of Lieberkuehn 


No traces of material inoculated. Sporozoites in cells lining crypts of 
Lieberkuehn 


Sporozoites in cells lining crypts of Lieberkuehn, in tunica propria, and 
an endothelial cell lining a central lacteal of a villus 


Sporozoites as in 956 and one found free in a central lacteal of a villus 
Schizonts ranging in age from those containing a single nucleus to 
those containing about 100 nuclei present in central lacteals of villi 
Largest schizont measured about 21x 32 u« 


All schizonts in cells free in central lacteals of villi. Schizonts with one 
too many nuclei, but mostly with many nuclei, Largest schizont 51 x 544 


All parasites as schizonts with many nuclei. Largest 75 x 


77“ 
All parasites as fairly large schizonts: largest schizonts 102 x 1054 
Some merozoites appeared to be mature. Nuclei in many arranged in 
rows describing various configurations 


Parasites fairly large schizonts, largest 114x134 4. Apparently mature 
merozoites in some, nuclei arranged in rows in others 


All parasites schizonts containing mature or nearly mature merozoites 
Largest schizont 122 x 146 uw 


No parasites found 

Parasites practically mature odcysts, developing gametes and young 
gametocytes, in epithelial cells lining crypts of Lieberkuehn and on 
surface of villi, All schizonts with mature or nearly mature merozoites 
One merozoite apparently in migration found 


920 and Few schizonts, all containing apparently mature merozoites Other 
#22 parasites as in A-29, and mature odjcysts present 

912, 927 No schizonts present. Other parasites as in 920 and 922 
and 934 


All parasites were found to undergo development in the small intestine 


Inoculated in 1949 


6 hr 

he 

| 

11 957 60 
1 G28 60 
19 929 60 
19 4-29** 


EP/ITHEL/UM 
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duration. A sporozoite in an endothelial cell 
lining a central lacteal of a villus was found in an 
infection of five days’ duration (fig. 9). 

Young schizonts, or slightly enlarged sporozoites 
in enlarged cells either attached to the endothelial 
lining of the central lacteals of the villi or loose in 
the lacteals, were found in infections of seven and 
nine days’ duration (fig. 10, 11, and 12). In some 
of the parasites (fig. 12), the karyosome of the 
nucleus was clearly delineated by the presence of 
an unusually large clear area surrounding it. 

Schizonts containing but 2 nuclei were found in 
infections of seven and nine days’ duration; those 
containing 4 nuclei were found in infections of 
five, seven, and nine days’ duration; those con 
taining many nuclei were present in infections of 
seven to nineteen days’ duration; and schizonts 
containing apparently mature merozoites were 
found in infections of thirteen to twenty-one days’ 
duration. Each of these schizonts contained a 
large number, probably millions, of merozoites. 
The merozoites in such schizonts measured about 
2 w in width and § uw in length. 

Measurements of the largest schizonts found in 
infections of certain durations presented evidence 
for the growth of schizonts as follows: seventh 
day, 32 by 21 «; ninth day, 54 by 51 uw; eleventh 
day, 77 by 75 uw; thirteenth day, 105 by 102 u; fif 
teenth day, 134 by 114 uw; seventeenth day, 146 by 
122 uw. The largest schizonts found in infections 
of nineteen and twenty-one days were not larger 
than those found in infections of seventeen days’ 
duration. 


days’ 


MEROZOITES 


As already mentioned, apparently mature mero 
zoites were present in schizonts in 
thirteen to twenty-one days’ duration. A 
which had apparently migrated some dis 
tance from a schizont was found in an infection 
of nineteen days’ duration. This parasite (fig. 
22) was in contact with a group of modified epi 
thelial cells of a gland of Lieberkuehn which con 
tained young gametocytes. 


infections of 
mero 
zoite 


CoccIDIAN PARASITE IN SHEEP 


GAMETOCYTES AND GAMETES 

Parasites in various stages of development, 
from that of the gametocytes to apparently ma 
ture odcysts, were found in epithelial cells of the 
small intestine of sheep killed nineteen, twenty 
one, and twenty-three days, respectively, after in 
oculation. For the most part, the parasites were 
found in groups of cells here and there throughout 
the small intestine. In some instances, only a 
small group of epithelial cells at the bottom of 
the crypts of Lieberkuehn were parasitized; in 
others, practically all the epithelial cells over the 
surface of a number of villi were parasitized (fig. 
31). Villi containing the parasites became greatly 
enlarged (fig. 32), and individual villi could be 
seen with the naked eye; the patches of para- 
sitized villi were gray, raised areas on the inner 
surface of the small intestine sometimes measur 
ing as much as 3 mm. in diameter. 

Very small microgametocytes were found only 
in an infection of nineteen days’ duration. These 
forms were spherical in shape and contained a 
number of nuclei in a somewhat dense mass of 
cytoplasm (fig. 24). Older microgametocytes were 
somewhat of the shape of the host cell (fig. 25) 
and many nuclei, of which was 
surrounded by a rounded mass of cytoplasm, In 
more microgametocytes, the developing 
microgametes were somewhat crescent shaped, and 
in the mature microgametocytes they were slender, 
elongate structures. A large mass of apparent 
residual material was usually present in each ma 
ture microgametocyte (fig. 27). 

Very small macrogametocytes were found only 
in an infection of nineteen days’ duration. Each 
of these structures (fig. 23) contained a single 
nucleus with a sharply delineated karyosome; the 
cytoplasm of each was somewhat granular in ap 
pearance. Older macrogametocytes contained large 
granules of somewhat dense cytoplasmic material 
(fig. 26 and 27). In the maturing macrogametes 
(fig. 28, 29, and 30), distinct membranes surround 
ing the forms were present; in the younger forms, 
cytoplasmic granules were arranged in close con 


contained each 


mature 


Legends for Figures on Opposite Page 
PLATE 1 


A diagrammatic sketch showing the writer’s interpretation of the stages and sequence of 
events in the endogenous phase of the life history of Eimeria arloingi in sheep. The 
various figures are designated by letters; the numbers placed below the letters refer to 
comparable stages of the parasite represented by the photographs in plates 2, 3, and 4. 


A—Sporozoites escaping from the sporocyst and odécyst membranes. 


B—Sporozoite en- 


tering epithelium in a crypt of Lieberkuehn. C—Sporozoite migrating through tunica 


propria of villus. 


D—Sporozoite in an endothelial cell lining a central lacteal of the 


villus. E—Schizont with a few nuclei. F—Schizont with many nuclei. G—Schizont with 


mature merozoites. 
mation of microgametes. 
probably becomes fertilized at stage J. 


H—Merozoite entering epithelial cell. 
| and J (female)—Formation of macrogamete. 
K—Macrogamete with masses of dense cyto- 


1, J, K, and L (male)—For- 
Macrogamete 


plasm on its periphery. L—Odcyst with thick covering and with few masses of dense 
cytoplasm. M—Mature oocyst in epithelial cell. N—Odcyst released with disintegration 
of the host cell. 
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tact with each other the periphery of the 


parasite. 


over 


No information was obtained on the process of 
fertilization. 

The apparentiy mature odcysts contained well 
developed membranes with polar caps; their cyto 
granular (fig. 30). 


The shortest time found to elapse between inoe 


plasm was finely 


shedding of odcysts in the feces in 


twenty days. The 


ulation and 


experimental infections was 
number of odcysts shed in the infections was pro 
gressively larger on each successive day over a 
period of about five days; over the next five days, 
the number of odcysts shed per day decreased at 
about the as that of the 


numbers beginning of the 


rate increase in 


shed at the 


same 
patent 
period, 
Lire Hisrory 

The observations recorded in the present 
investigation showed that the sporozoites 
of EF. arloingi emerged from the protective 
membranes of the oécyst and sperocyst in 
the upper portion of the small intestine of 
the sheep. Emergence of the sporozoites 
did not take place until the sporulated 
oocysts had been in the alimentary canal 
for six and one-half to ten and one-half 
hours. The observations also showed that 
under certain conditions, especially those 
in which the sheep were experimentally in- 
oculated by administering the sporulated 
oocysts by the drench method, the odcysts 
could be carried through the alimentary 
canal as far as the rectum within four and 


PARASITE IN SHEEP 9] 


one-half hours and, therefore, before the 
sporozoites had emerged or even before 
they had become activated. Excystation of 
sporozoites was observed in material re- 
covered from the upper portion of the 
small intestine of a sheep slaughtered 
twenty-four hours after inoculation. It is 
evident, therefore, that the resulting expe- 
rimental infections will vary considerably 
in severity, since much of the infective ma- 
terial in some of the animals may 
quickly and, therefore, harmlessly through 
the alimentary canal; whereas in other an- 
imals, the inoculum may be retained so 
that large numbers of sporozoites exeyst. 


pass 


In connection with the sporozoite on its 
journey to the host cell, or endothelial cell 
lining a lacteal, was the interesting finding 
that epithelial cells and cells of the tunica 
propria, in which the sporozoites were 
either enclosed or were in contact, ap- 
peared to be either not affected by the par- 
asite or to be lysed. On the other hand, the 
true host cell or endothelial cell, when par- 
asitized, underwent growth and its nucleus 
enlarged. 

The evidence indicates that there is but 
one generation of schizonts in the endoge- 
nous phase of the life history of E. ar- 
loingi. It was found that the prepatent 
period may be as short as twenty days. 
Since it requires at least thirteen days for 


Legends for Figures on Opposite Page 
PLATE 2 


Except for figures 19, 20, and 31, photomicrographs in pilates 2, 3, and 4 are of approxi- 
mately the same magnification and are arranged to depict the “stages” in the life history 
of the parasite. These have been selected and do not represent, in all cases, the shortest 
time after inoculation that a particular “stage” occurred in the group of infections. The 
sections of tissues concerned with in the photographs were stained with Delafield’s 
hematoxylin and eosin or Heidenhain’s iron hematoxylin and eosin. 
Fig. 1, 2, and 3—Odcysts recovered from the small intestine of lamb which was slaugh- 
tered ten and one-half hours after inoculation. In figure 1, activated sporozoites are still 
contained inside the sporocyst walis; in figure 2, active sporozoites have escaped from 
the sporocyst walls but are still contained within the odcyst wall; in figure 3, all sporo- 
zoites except 1 have escaped from the otcyst and sporocyst walls are still present. 
Fig. 4—Sporozoite free in lum a of small intestine of sheep siaughtered twenty-four 
hours after inoculation (from a fixed and stained section). 
Fig. 5 and 6—Sporozoites between cells lining crypts of Lieberkuehn in an infection of 
twenty-four hours’ duration 
Fig. 7—Sporozoite in tunica propria of an infection of 7 days’ duration. 
Fig. 8—Sporozoite free in a lacteal lumen. 
Fig. 9—Sporozoite in a slightly enlarged endothelial cell lining a lacteal in a villus; 
infection was of fifth day after inoculation. 
Fig. 10, 11, and 12—Sporozoites in enlarged cells free in lacteals or projecting inward 
from the lining of the lacteals in an infection of seven days’ duration. 
Fig. 13 and 14—Early schizonts in lacteals in an infection of seven days’ duration. 
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the production of schizonts with mature 
merozoites, it follows that the sexual phase 
of the life history is completed in not less 
than seven days. Furthermore, only schi- 
zonts of medium or large size were found 
in infections terminated by slaughtering 
the host thirteen days or more after inoe- 
ulation. 

The sexual stages were not found in any 
infection terminated by slaughtering the 
host earlier than nineteen days after inoc- 
ulation. It is certain that sexual stages 
must occur earlier than that because ma- 
ture odcysts are shed on the twentieth day 
after inoculation. A possible explanation 
for the failure to find the early sexual 
stages is afforded by the observation that 
in the group of experimentally infected 
animals killed between the thirteenth and 
nineteenth after inoculation, the 
small intestine was more or less edematous 
and thickened, and large areas of its lining 
were denuded of epithelium. Perhaps the 
severe reaction due to the large numbers of 
parasites in the asexual stages had made 
conditions unfavorable for the develop- 
ment of the sexual phase. This is a 
sible explanation of the failure to find any 
parasites in 1 sheep killed on the nine- 
teenth day after inoculation. In this ani- 
mal, as in the others, the small intestine 
was found to be edematous. 

According to the information derived 
from the present study, the endogenous 
phase of the life history of E. arloingi in 
sheep is presented schematically in plate 1. 
Photographs illustrating certain of the 
stages are presented in plates 2, 3, and 4, 
and are referred to by the numbers in 
plate 1. The sporulated odcyst reaches the 
small intestine and the sporozoites emerge 
from the sporoecyst and odcyst membranes 
(plate 1, A). The sporozoites then enter the 
erypts of Lieberkuehn and make their way 
into the epithelium (plate 1,B). They 


days 
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move through the tunica propria (plate 1, 
() and each sporozoite enters an endothe- 
lial cell lining a central lacteal of a villus 
(plate 1,D). The parasite begins to grow 
and, as a consequence thereof, the host cell 
enlarges. The host cell becomes freed from 
the endothelium and drops into the lacteal ; 
following increase in size, the nucleus of 
the parasite undergoes repeated divisions 
(plate 1,E and F). Each mass of nuclear 
material is the center of the formation of a 
merzoite. The merozoites mature and the 
schizont membranes disentegrate (plate 1, 
G). The first mature schizonts appear 
about thirteen days after inoculation; the 
largest schizonts measure about 122 to 146 
uw. The merozoites enter epithelial cells 
(plate 1,H) and begin to grow (plate 1, 
I). In those destined to become the micro- 
gametocytes, the nucleus undergoes re- 
peated division and, finally, around each 
mass of nuclear material a thin strand of 
cytoplasm is formed, and a large mass of 
residual material remains (plate 1, H-L). 
In others, namely the macrogametocytes, 
there is no division of the nucleus. As the 
parasite rather large masses of 
dense material appear in its e¢ytoplasm 
(plate 1, H-J). A microgamete migrates 
to, and enters, a macrogamete and the nu- 
clei of the two combine. Following fertili- 
zation, the masses of dense cytoplasm move 
to the periphery of the parasite (plate 1, 
K) and form a thick membrane (plate 1, 
L.). The remainder of dense cytoplasm also 
moves to the periphery of the parasites; a 
polar cap forms over one end of the para- 
site (plate 1,M). The parasite or ojcyst is 
released into the lumen of the host’s in- 
testine by the disentegration of the host 


cells (plate 1, N). 


rows, 


DISCUSSION 


In the original description of EF. arloingi, 
Marotel (1905)* stated that the schizont 


Legends for Figures on Opposite Page 
PLATE 3 


Fig. 15 and 16—Largest schizonts in 


infections of nine and eleven days’ duration, 


respectively. 
Fig. 17 and 18—Sections through the middle of the largest schizonts found in infections 
of thirteen and fifteen days’ duration, respectively. 
Fig. 19—Enlarged villus with schizonts in an infection of eleven days’ duration. 
Fig. 20—Enlarged villus with schizonts on thirteenth day of an infection. 
Fig. 21—Viscera of lamb on fifteenth day of infection, showing thickened and edematous 
condition of the small intestine and mesenteries. 
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of this parasite measures 18 to 23 y» in di- 


ameter. According to the findings of the 
present investigation, such schizonts do not 
belong to E. arloingi because the schizont 
was found to be almost 150 » in diameter. 

Noller, Schiirjohann, and Vorbrodt 
(1922)* published a paper in which they 
apparently intended to show that the coe- 
cidia in sheep and goats were one species. 
They compared the schizonts and odécysts 
in sheep with those in goats and found the 
respective stages to be similar. The illus 
trations accompanying their paper show 
that the odcysts were apparently of EF. ar- 
loingi; however, the schizonts were rather 
small and contained relatively few mero- 
zoites. Aceording to the information from 
the present study, these earlier investigat- 
ors were dealing with schizonts which did 
not belong to EF. arloingi. 

It is interesting to note that the endog- 
enous phase of the life history of E. ar- 
loingi is similar to that found by Ham- 
mond and co-workers (1946)' for Eimeria 
bovis in cattle. Of especial interest is the 
fact that the schizont of both parasites 
undergoes development in endothelial cells 
of the lacteals and that there is apparently 
but one generation of schizonts which pro- 
duce enormous numbers of merozoites. 


CocciDIAN PARASITE IN SHEEP 


SUMMARY 


A study was made on the endogenous 
phase of the life history of the coccidian 
parasite Eimeria arloingi in domestic sheep 
raised free of parasites. The small intes- 
tine was the seat of infection. The time 
from inoculation to the shedding of the 
first odcyst was twenty days. Schizonts de- 
veloped in the central lacteals of the villi, 
utilizing endothelial cells as host cells. Ma- 
ture merozoites were produced about thir- 
teen days after inoculation. There was no 
evidence that the merozoites produced an- 
other generation of schizonts. Sexual 
stages utilized epithelial cells for their de- 
velopment. They tended to invade groups 
of neighboring cells, often those over one 
or more villi, which became so enlarged 
that they could be easily discerned with 
the naked eve, 
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ig. 22—A merozoite between parasitized and modified epithelial cells of a crypt of 
Lieberkuehn in an infection of nineteen days’ duration. 
ig. 23—A group of macrogametocytes in epithelial cells in an infection of nineteen 
days’ duration. 
ig. 24—Microgametocytes in epithelial cells in an infection of nineteen days’ duration. 
. 25 and 26—-Microgametocytes with many nuclei and macrugametes in an infection 
of nineteen days’ duration. 
ig. 27—Mature microgametes and developing macrogamete in an infection of nineteen 
days’ duration. 
. 28, 29, and 30—Illustrating stages in the formation of the odcyst walls; figures of 
specimens from an infection of nineteen days’ duration. 
. 3i—Two enlarged villi with epithelial ceils containing gametocytes and gametes, 
from an infection of twenty-three days’ duration. 
ig. 32—Groups of enlarged villi or “oécyst patches” in intestine in freshly killed lamb 
on twenty-third day of infection. 
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The Incidence of Distemper in Canine Encephalitis Cases 


WILLIAM E. RIBELIN, D.V.M., M.S. 


Pullman, Washington 


THE PROBLEM OF encephalitis in the dog 
has been known to handlers of animals for 
several centuries and its occurrence follow- 
ing the catarrhal form of canine distemper 
is well established. 


LITERATURB CITED 


The discovery of a virus os the causative agent 
* in 1905 the devel 
opment of an apparently satisfactory method of 
immunization Laidlaw and Dunkin® in 1926 
1931 was expected to minimize the problem. This 
has not been the case. The problem of encephalitis 


of distemper by Carré and 


by 


in the dog has become more and more prominent 
and, with each histopathologieal description, more 
and more complex, 

de 
the 
central 


Various agents and conditions have been 
being of 
production of disturbances of 
Included in 
pseudorabies,’ toxoplasmosis,’ thiamine deficiency, 


infectious 


clinieal significance in 
the 


these 


scribed as 


canine 


nervous system. “are rabies, 


bacterial meningitis and encephalitis,” senile 
generative changes,’ hard-pad disease, 
‘*hysteria’’ following feeding 


canine hepatitis,’ 


of agenized flour,” postvaccinal encephalitis,” and 
many as yet incompletely defined torms of en 
cephalitis.” 


In addition to these, such conditions as rickets, 
extreme dehydration, parasitism, uremia, and bac 
terial thought to be 


companied by central nervous system disturbances. 


intoxications” are often ae 


Although present knowledge of the path- 
ogenesis of nervous distemper leaves a great 
deal to be desired, the pathological lesions 
occurring In the central nervous system 
have been described by many workers* '*** 
with as many variations. The two primary 
points of issue at this time appear to be, 
first, whether or not the central nervous 
system changes accompanying true distem- 
per itself are truly inflammatory, and see- 
ond, the extent of demyelination which may 


Portions of a thesis submitte¢ by the author as partial 
fulfillment of requirements the of of 
science at The State College of Washington. This investi 
gation was supported in part by funds for 
biological and medical research by the State of Washing 
ton, Initiative Measure No, 171 

The author is indebted Drs. G 
Cordy, and the staff of the U.S.D.A 
Research Laboratory for their 
procedures for the human encephalitides were conducted 
serologists at the Rocky Laboratory of the 
Public Health Service Mont. Dogs for 
were kindly veterinarians 


for degree master 


provided 
R 


Fur 


assistance 


D. R 


Disease 


to Spencer 
Animal 


Serological 


Mountain 
Hamilton 
by 


by 
U. 8 


study provided of eastern 


Washington, 


cecur in canine distemper encephalitis. A 
great deal of the variation in early deserip- 
tion of the lesions of distemper and other 
encephalitides may be attributed to the 
failure of those early workers to character- 
ize adequately each case by transmission 
and serological means as well as mere his- 
topathology. As a result, the literature 
contains descriptions of many encephalitic 
conditions whose degrees of overlap can 
often be assumed but will probably never 
be known. 

The purpose of this study was to deter- 
mine the proportion of clinical encephalitis 
cases which were actually due to, or fol- 
lowed, canine distemper. The pathology of 
these known distemper cases was studied. 
A second objective was to attempt to iden- 
tify the causative agents of the cases of 
nondistemper encephalitis which were en- 
countered, 


MATERIALS METHODS 


In 
following 


AND 


information, the 
A total of 


66 dogs were submitted by practicing veterinarians 


to obtain the above 


procedure Ss were ¢ mployed. 


order 


in eastern Washington. These animals had all been 
No efforts 
submitted 


encephalitic.’ 
all 


The only 


diagnosed clinically as 
at 


were included in this study. 


selection were made and dogs 


restriction 
was to exclude dogs dead longer than four hours. 
This the 
lapse in order to minimize tissue changes and loss 


of be 


was set as maximum permissible time 


any infectious agents which might present. 

Animals received in the living state were given 
a complete neurological examination to demonstrate 
Fo] 
lowing this, 10 ml. of blood were drawn for serum 
intra 


that central nervous system disorders existed, 


euthanasia was accomplished by 


venous injection of pentobarbital sodium. 


samples ; 


Since many dog owners were reluctant to part 
with their pets until all possible therapeutic meas 
had undertaken, the 
often of several days’ or weeks’ 


were quite 
This 
meant that many serum samples represented only 
the ‘‘late’’ or 


probably accounted for the failure to recover 


ures been cases 


duration. 
sc type, and this also 
the 


convalescent ’’ 


infectious agent as will be presently shown. 
Following autopsy, all tissues containing signifi 
cant for 


and histological study was deemed necessary. 


whatever culturing 
Rou 


lesions were retained 
tine histological examination was made of the fol 


lowing tissues: brain, bladder, adrenal, lung, liver, 
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thoracie spinal cord, and in many cases kidney and 
spleen. 

examination, the brain 
The brain was 


Following in situ was 
removed as aseptically as possible. 
divided lengthwise (hemisection) and half of the 
brain plus an equal amount of splenic tissue was 
placed in a chilled Waring blendor. Sufficient phys 
iological saline containing 10 per cent rabbit serum 
was added to constitute a 10 per cent suspension 
Following grinding for 
approximately forty-five seconds, this brain-spleen 


of the brain-spleen tissue, 


emulsion was cultured in Brewers’ thioglycollate 
medium and upon blood agar plates. Cultures were 
maintained at 37 C. for a minimum of seven days. 
Following removal! of this portion for culture, crys 
talline penicillin and dihydrostreptomycin were 
added to the brain suspension. Crystalline penicil 
lin was added in amounts sufficient to provide 100 
units per milliliter, and dihydrostreptomycin so as 
to provide a concentration of 100 wg. per milliliter 
of the final suspension. The brain-spleen suspen 
sion was ground a few seconds longer so as to in 
sure thorough distribution of the antibiotie agents, 
placed in sterile centrifuge tubes, and centrifuged 
at 4,000 r.p.m. for five minutes at 5 C. in a refrig 
erated international bucket-type centrifuge. The 
supernatant fluid was removed and distributed in 
2-ec, amounts into a series of soft glass vials which 
were then sealed in an oxygen flame, labelled, and 
stored in a carbon dioxide chest at —70 C. until 
used, 

The remaining half of the brain was placed in a 
fixative solution consisting of 3 per cent potassium 
dichromate and 10 per cent formalin in physiologi 
eal saline solution. After three or four days’ fixa 
tion, the brain was divided into a series of paired 
(adjacent) sections of the following brain areas: 
(1) medulla, (2) pons, cerebral peduncles, and cere 
bellum, (3) midbrain, (4) thalamus and hippocam 
pus, (5) striatum, (6) 
One of each of the pairs of sections was 


corpus pre-central motor 
cortex, 
imbedded in paraffin, sectioned at 7 w, and stained 
with Ehrlich’s acid hematoxylin and eosin, 2 per 
thionine for Nissl Pollak’s tri 
stain for inelusions, and in certain 
the Werthin silver stain was also used. The other 
of each pair of sections was placed in a mordant 
cent 


cent substance, 


chrome causes 


solution consisting of 3 per copper bichro 
mate and 2 per cent chromium fluoride in distilled 
They were allowed to remain for three or 
four days. They were then imbedded in paraffin, 


sections cut at 18 to 20 uw, and stained for myelin 


water. 


according to the method of Wiegert. 


Previous work had shown that encephalitis le 
sions in the dog were practically always bilateral 
and considering the necessity for retaining as much 
tissue as possible for transmission work, the above 


approach seemed most practicable. 


APPLICATION OF METHODS 


All dogs received as clinical cases of encephalitis 
were handled Since the pri 
mary objective was to determine the number of 


as explained above. 
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eases actually due, or related, to the distemper 
virus the first step was the microscopic examina 
tion of the tissue of these animals (lung, adrenal, 
bladder) for distemper inclusions. Since the inelu 
sion bodies of distemper are not known to persist 
more than six weeks, cases showing these were set 
aside and their histopathological lesions studied as 
one group. 

The remaining group of animals was 
ered, rightly or wrongly, to represent cases of non 
distemper central nervous disease. The causes of 
some disturbances were recognized at autopsy, oth 
ers upon cultural or microscopic examination, Of 
those remaining, the following procedures were ap 
plied: 0.25 ml. of the brain-spleen suspensions were 
inoculated intracranially and 1.5 ml. intramus 
cularly into young, supposedly susceptible farm 
raised pups. pups were examined for a 
period of three months for demonstration of the 
transfer of an infectious agent. 


consid 


These 


Several drops of the brain-spleen suspension 
were inoculated onto the chorioallantoic membranes 
of 6 The embryos 
were incubated five days, the membranes and em 
bryos were removed and examined for lesions or 
signs of altered growth. The were 
then pooled, ground, and inoculated onto a second 
series of eggs. The repeated until 
three egg passages were completed. It was planned 
that material from all eggs showing lesions or al 


to 7-day-old chicken embryos. 


membranes 


process was 


tered growth on third passage would be pooled and 
inoculated into mice and guinea pigs. Sinee no egg 
later 
modified and 0.03 ml. of brain emulsion from each 
unidentified inoculated intracerebrally 
into 4 5-week-old white mice. Three serial passages 


lesions were encountered, this last step was 


case Was 
of mouse brain were thus performed. 

Serum samples from all cases of unidentified cen 
tral nervous disease were submitted to the Rocky 
Mountain Laboratory of the United States Public 
Health Service where the following neutralization 
or complement-fixation tests were performed: west 
ern equine encephalomyelitis, St. Louis enecepha 
litis, lymphocytic choriomeningitis. 


RESULTS 


Following the procedures described 
above, the 66 cases of supposed encepha- 
litis were grouped as shown in table 1. It 
can be seen that 56 of the 66 eases diag- 
nosed as encephalitis did represent true 
encephalitis. This represents a clinical di- 


agnostic accuracy of 84.8 per cent. Indi- 
vidual discussion will be given each of the 
groups listed in table 1. 

Group 1. Distemper Encephalitis —Of 
the 56 cases of true encephalitis, 46, or 
82.1 per cent, were shown to be related to 
or following canine distemper. These were 
diagnosed as follows: Forty-three of the 
cases (93.4%) could be recognized as dis- 
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temper by the presence of characteristic 
distemper inclusions in bladder epithelium, 
lung, adrenal, ependyma, or neurologlial 
cells. Inclusions were also encountered in 
neurons (fig. 1), but since they have been 


Fig. 1—Cytoplasmic neuronal inclusions in ca- 
nine distemper. Poliack trichrome stain. x 640. 


described in other canine encephalitides 
their reliability as a diagnostic aid in dis- 


the re- 
ferret 


cases of 


temper is questionable. Two of 
maining cases were diagnosed by 
inoculation. Of the remaining 
encephalitis, all were tested for distemper 
neutralizing antibodies and only 1 animal 
was found to be carrying a_ significant 
titer. This titer was exceedingly high, 
approximately 1: 6,250, and this case was 
also placed with the distemper group. The 
neutralization test has been used in this 
laboratory for over a year with consist- 
ently good results; therefore, the results 
quoted herein are considered reliable. This 
screening method further emphasizes the 
reliability of distemper inclusions as a di- 
agnostic aid, The 93.4 per cent incidence 
of inclusions correlates quite closely with 
the results of Green and Evans** who 
found bladder inclusions alone to exist in 
87 per cent of the encountered in 
distemper epizoédtics among foxes. 

Clinical Data.—No significant prepon- 
derance of distemper could be found in 
any particular breed. The 46 cases re- 
ported herein represented 18 different 
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breeds. The predominant age group af- 
fected with distemper encephalitis was that 
composed of animals less than 6 months of 
age. Twenty-four of the 46 cases occurred 
within this age group. Ten cases were in 
animals 6 to 12 months of age. Three 
cases were in animals 12 to 18 months of 
age, 3 in the 18- to 24-month age group, 
and 6 cases affected animals over 24 
months of age. The oldest animal in which 
distemper encephalitis was encountered 
was 4 vears of age. The incidence of dis- 
temper encephalitis was equally divided 
among males and females, 23 of each be- 
ing affected. In this area, the greatest 
number of cases occurred during the win- 
ter months, January being highest with 10 
cases. Vaccinal histories were compiled and 
revealed several interesting facts. Three 
of the 46 occurred in puppies re- 
ceiving periodic antidistemper serum in- 
jections prior to reaching vaccination age. 
Two occurred in undergoing 
distemper immunization and 3 more in 
animals which had previously im- 
munized. The classical description of dis- 
temper encephalitis is that an animal re- 
from an attack of the catarrhal 
form of the disease only to suffer a relapse 
with the nervous form several weeks later. 
In this study, 34 of the 46 were 
known to have suffered previous illness. 
Careful examination revealed that only 6 
had shown complete cessation of symp- 
toms of the initial catarrhal attack before 
the onset of nervous svmptoms. The latent 
period between catarrhal and nervous 
forms, when it did occur, varied from one 
to more than four weeks. 

Central Lesions.—The 
number and type of lesions encountered in 
the 46 dogs known to have had canine dis- 
temper varied from extreme degeneration 


Cases 


cases dogs 


been 


covers 


Cases 


Nervous System 


TABLE 1—Disease Groups Encountered Among 
66 Cases of Clinically Diagnosed Canine 
Encephalitis 


Disease Groups Number 


Distemper 16 
Nondistemper encephalitis 10 
Miscellaneous 

Suppurative cerebral meningitis 

Suppurative spinal meningitis 

Poisonings, probable 

Encephalopathy 

Unknown* 
Total cases 


Includes 2 cases of mild ascariasis in puppies 
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and inflammation to none at all. The num- 
ber of occurrences of lesions in the various 
portions of the central nervous system is 
shown in table 2. The figures quoted in 
this table tend to be somewhat misleading 
because, although the spinal cord, anterior 
brain stem, basal ganglia, and motor cor- 
tex were affected in a number of 
the lesions in these regions were generally 
much less prominent than in the posterior 
brain stem and cerebellum and could read- 
ily be overlooked. 


Cases, 


By far the most consistent lesions oc- 
curred in the anterior portion of the me- 
dulla, pons, cerebellar peduncles, and ad- 
jacent deep cerebellar white matter, and 
the midbrain. The encountered 
consisted of variable rarefaction to actual 
demyelination of the white matter of the 
peripheral edges of the medulla and pons 
(external arcuate fibers). Similar rare- 
faction often occurred in the transverse 
fibers of the pons beneath the fourth ven- 
tricle, in the fibers of the middle and an- 
terior cerebellar peduncles, and in the 
deep cerebellar white matter. 
showed extensive activity of macrophage 
cells only in very early stages. Signs of 
true encephalitis such as mononuclear cell 
cuffs, mononuclear infiltration of the subep- 
endyma and medullary velum, congestion, 
acute neuronal changes, presence of elon- 
gate ‘‘rod-cell’’ forms of microglia, and 
occasionally actual hemorrhage were pres- 
ent in less than half of the cases. Similar 
changes occurred in the midbrain and less 
extensively in the thalamus. In both of 
these areas, the greatest damage occurred 
either in the periphery just beneath the 
pia mater or in the subependymal tis- 
sue enclosing the ventricles. Damage was 
equally distributed between the gray mat- 
ter and the white. The relative amount 


lesions 


These areas 


TABLE 2—Locations of Lesions in the Central 
Nervous System of 46 Dogs Having Nervous 
Distemper 


No. of 


occurrences 


Spinal cord 

Medulla and pons 
Cerebellar peduncles and 
Midbrain 

Thalamus 


cerebellum 


Corpus striatum 
Motor 
Meninges 

No detectable lesio 


cortex 
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damaged depended upon which type of 
tissue was in preponderance. Thus in the 
dorsal pons, cerebellar peduncles, and cere- 
bellum, the greater amount of fiber tracts 
made white matter damage more conspicu- 
ous. In the midbrain and thalamus, the 
increased amount of gray matter made 
neuronal damage more readily recogniz- 
able than in the foregoing tissues. 
Examination of the corpus striatum and 
motor cortex in canine distemper often 
gives the examiner the impression that le- 
sions here are uncommon. Actual count of 
lesions in this region showed this assump- 
tion to be untrue. The two most commonly 
affected portions of the corpus striatum 
were either the portion of the caudate nu- 
cleus lying next to the lateral ventricles, 
or the neuronal laminae of the region of 
the insular gyrus lying on the farthest 
extreme and adjacent to the corpus stri- 
atum. In this region, changes consisted of 
either flattening or actual epen- 
dyma, subependymal gliosis with occasional 
lvmphoeyvtie cuffing, and in 5 cases a promi- 
nent overfolding of ependyma in a villiform 
manner with proliferation of subependy- 
mal oligodendroglial cells. This latter may 
not represent a true pathological change 
although it was not seen in normal animals. 


loss of 


Lesions in the motor cortex were slight 
and generally consisted of irregular neu- 
ronal degeneration affecting especially the 
neurons of the deeper cortical layers. Six 
cases showed primary involvement of the 
white matter with varying-sized punched- 
out holes in the deeper white tracts. Typi- 
cal acute meningo-encephalitic lesions oe- 
curred in 5 cases in the form of congestion, 
mononuclear cuffing, acute necrosis and sa- 
tellitosis of neurons, and infiltration of the 
adjacent leptomeninges with plasma cells, 
lvmphocytes, and a few histiocytes. Diffuse 
proliferation of astrocytes with ingrowth 
of the superficial capillaries occurred in 1 
case, Three cases were apparently of long 
duration as the only lesions consisted of 
scattered small clusters of fibrillary astro- 
cytes in the outer-most lavers of the cor- 
tex with resultant dimpling of the cortical 
surface. Occasional hyalinization of small 


arterioles accompanied by vacuolization of 
the endothelial or 
curred in various parts of the nervous sys- 


smooth muscle cells oc- 


tem. This was found most frequently in 
the cortex. 


14 
24 
26 


100 


Meningeal infiltration was surprisingly 
common. The infiltrating cells were pre- 
dominately lymphoeytes and plasma cells 
with occasionally a moderate number of 
macrophages present. The areas of menin- 
geal involvement practically always over- 
laid the areas of brain involvement. They 
were most common around the cerebellum, 
cerebellar peduncles, base of the pons, and 
midbrain. Such lesions occurred to a lesser 
extent in other parts of the brain and 
spinal cord. The degree of meningeal in- 
volvement was generally less than that of 
the underlying nervous tissues and seldom 
was evident in any areas where nervous 
tissue damage did not exist. 

Though lesions in the spinal cord were 
found 14 times, they were, in general, quite 
mild. Most often they consisted of recent 
degenerative changes in motor neurons. In 
only 2 cases were distinet cuffs of inflam- 
matory cells seen. Small nodules of glial 
cell proliferation occurred in both the gray 
and white matter in several of the cases. 
Rarefaction of the dorsal columnar white 
matter occurred in 1 case and distinet 
demyelination with swollen macrophages 
and other inflammatory cells occurred in 
the dorsolateral white column in another 
case. 

Two cases of distemper with symptoms 
referable to central nervous system dys- 
function were encountered which showed 
no detectable lesions in the nervous sys- 
tem. Nervous system symptoms were of 
one and five days’ duration in these cases. 

Inclusion Bodies in Canine Distemper. 
Characteristic inclusion bodies are of great 
diagnostic significance in canine distemper. 
Those in the central nervous system are of 
diagnostic value unrecognized by many 
persons. These nervous system inclusions 
were very similar to those of other tissues 
but, in the most common neuroglial cell 
types, they were more obvious and deeply 
eosinophilic when stained by common he- 
motoxylin-eosin techniques than were those 
found elsewhere in the body. They were 
found in both the nuclei and cytoplasm of 
neuroglial cells, especially astrocytes. They 
were also found in ependymal ¢ells, and, 
less often, in the neurons. Occasionally, 
they were seen in macrophage cells in areas 
where such were active. In composition, 
inclusions were variable in size but always 
quite small, seldom exceeding the size of 
a large nucleolus, and were more homo- 
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geneous in structure than the well known 
rabies inclusions. The characteristic inclu- 
sion body ‘‘halo’’ was more obvious in 
distemper than in rabies. The occurrence 
of ependymal and neuroglial cell inclusions 
is of known specificity in canine distemper 
but since neuronal inclusions have been de- 
scribed in other nervous diseases and their 
significance is as yet unproven, their accu- 
“acy as a diagnostic aid is questionable. 
Of the central nervous tissue inclusions, 
only ependymal and neuroglial cell inelu- 
sions were used for diagnostic purposes in 
this study. Thirty-five of the 46 cases were 
found to contain inclusions in the central 
nervous system. The various types of cen- 
tral nervous system inclusions encountered 
in this study are listed in table 3. The 
distribution of inclusions throughout the 
central nervous system was quite well cor- 
related with the location of actual lesions, 
with the possible exception of ependymal 
cell inclusions. This latter type was en- 
countered several times in portions of the 
ventricular system apparently unrelated to 
damaged areas elsewhere in the brain. 
Group 2. Nondistemper Encephalitis. 

This group includes all cases showing his- 
tological evidence of encephalitis and dis- 
playing no distemper inclusions, negative 
results upon ferret inoculation, and lacking 
significant canine distemper neutralizing 
antibodies. 


Brain suspensions of these 10 cases, when 
transferred through three serial passages 
of five days each on the chorioallantoic 
membranes of 7-day-old chicken embryos, 
caused no deaths and produced no signifi- 
cant alterations in either the membranes, 


egg fluids, or the embryo. Smears of the 
chorioallantoic membranes stained by the 
method of Giemsa or Machiavello were neg- 
ative for significant bodies. 

Brain suspensions of these 10 cases, when 
inoculated intracranially in white labora- 


TABLE 3—Types of Central Nervous 
Inclusions Occurring in 46 Cases of 
Distemper 


System 
Canine 


Location of Inclusions 


Neuroglial nuclei (usually astrocytes ) 
Neuroglial cytoplasm (usually astrocytes) 
Neuron nuclei 

Neuron cytoplasm 

Ependymal cytoplasm 


No. of 
cases 
30 
3 
4 
11 
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DiIsTEMPER IN CANINE 
tory mice, produced no effects in three se- 
rial passages. 

Brain suspensions of all 10 cases were 
given intracerebrally and intraperitoneally 
by simultaneous inoculation into young 
farm-raised puppies. Sporadic temperature 
rises occurred and an occasional loss of ap- 
petite, but no disease appeared. This 
what would be expected following the in- 
tracerebral inoculation of many substances, 
harmful or otherwise. Transmission efforts 
to dogs were thus considered to be without 
result. 

Serum samples from these 10 cases were 
submitted to the Rocky Mountain Labora- 
tory of the United States Publie Health 
Service, Hamilton, Mont., for the detection 
of antibodies to the common human forms 
of encephalitis occurring in this area. Sam- 
ples represented either acute, convalescent, 
or both types of serums. Neutralization 
tests were negative for the presence of neu- 
tralizing antibodies against the following 
diseases: western equine encephalomyelitis, 
St. Louis encephalitis, lymphoeytie chorio- 
meningitis. 

Histological examination was performed 
on the same portions of the central nervous 


IS 


system as previously described in the dis- 
cussion of canine distemper. In addition to 
the usual staining methods described pre- 
viously, the following special stains were 
employed: Grams’ stain for bacteria, the 


Wolbach-Giemsa stain for rickettsias and 
pleuropneumonia-like organisms, and the 
Werthin silver stain for Leptospira. No 
recognizable pathogenic agents were de- 
monstrable. 

For convenience these 
classified in the histopathological catego- 
ries listed below. 


cases have been 


1) Chronic Nonsuppurative Encephalitis Consist 
ing of Old Glial Scars and Vascular Proliferation 
As the 


name implies, the changes in this 1 case were pri 


in the Cerebral Cortex and Basal Ganglia. 
marily cortical. Small perivascular clusters of ad 
ventitial cell proliferation were encountered in the 
central gray matter of the pons along with ill 
defined areas of neuron necrosis and disappearance. 
Changes in the remainder of the brain stem were 
the ganglia 
of caudate nuclei 


insignificant. Lesions in basal were 
evident the tail 


old glial sears were very numerous, 


most in where 
Similar sear 
ring along with rarefaction and astrocyte replace 
ment of more superficial cortical neuronal laminae 
oceurred in the adjacent gyrus. The pre 
central cortex showed great capillary proliferation 
in the neuronal laminae plus loss of, or ghostlike 


insular 
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appearance of, Adjacent to this 
affected region, the leptomeninges were thickened 
and infiltrated with plasma cells and macrophages. 
of recent 


many neurons, 


Congestion and other signs acute or 
change were 

2) Nonsuppurative Leuko-Encephalitis Involving 
the White Matter of the Stem Of 
these 2 cases, 1 showed involvement of 
the caudal portion of the stem in the pons and 
medulla. In the other the foci of 
damage were found in the cephalad white matter 
of the thalamus. were of considerable 
duration since the predominate changes, loss of 
myelin, destruction of axons and supporting tis 
had completed and scavenger 


cells were becoming scarce in all but the most se 


absent. 

Brain Alone. 
greatest 
greatest 


case, 


Lesions 


sues been almost 


verely damaged areas. Involved fibers in the pons 
medulla were mostly those fibers entering into the 
formation of the cerebellar peduncles, Transverse 
pontile fibers and pyramidal fibers of the medulla 
slightly affected. Neuron damage was 
very slight. Lesions in the midbrain were mild in 
both cases, the being affected. 
Thalamic changes included massive glial sear for 
the in the vicinity of the 
perivascular cuffs of mononuclear 


were only 


peripheral fibers 


mation fibers 
dorsal 
cells, and hyaline degenerative change of several 
Fibrotic thickening of the lepto 


among 
nuclei, 
small arterioles. 
meninges was prominent in both cases, 
3) Nonsuppurative 
the Gray Matter of the 


1 case displayed lesions of a 


Involving 
This 
nature con 
sisting of glial the gray 
matter of the medulla, pons, thalamus (except for 
the nuclei), and the caudate In 
a few the neuronal laminae of the precen 
tral motor cortex were similarly 


Polioencephalitis 
Stem 


chronic 


Brain Alone. 


(astrocyte) nodules in 


lateral nucleus, 


areas, 


involved. Some 


capillary proliferation was observed in the cor 


Fig. 2—Nuclear astrocytic inclusion in canine 
distemper. Hematoxylin and eosin. x 640. 
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tex. Rarely in the midbrain and thalamus were 
perivascular cuffs observed and, in these, up to 
one-fourth of the cells were 
leukocytes. Meningitis was very 
the entire base of the brain and was characterized 
by macrophage infiltration and seattered small hy 
aline thrombi. Neuron replacement by small glial 
clusters was the obvious lesion in the affected gray 
matter of the brain stem. 


polymorphonuelear 


prominent over 


4) Nonsuppurative Encephalomyelitis Involving 
Both the Gray and White Matter of the Brain 
Stem, Cerebellar Peduncles, and Deep Cerebellar 
White Matter.—-This condition 
encephalomyelitis although only 1 
affected showed spinal cord changes. 
changes consisted of 
axon loss in the deep lateral white fibers 
ciculus proprius) lying adjacent to the dorsal and 
ventral horn gray matter. Brain changes 
most marked in the medulla-pons-midbrain re 
gions and consisted of fiber and 
myelin destruction in the fibers 
and the fibers lying next to the aqueduct or fourth 
ventricle. Neuronal necrosis occurred in the neu 
rons of the nucleus of the descending trigeminal 
tract, Purkinje cells of the cerebellum, cerebellar 
nuclei, corpora quadrigemina, and neurons of the 
globus pallidum. Degenerative changes of smaller 
blood vessels were quite prominent. 


was ¢lassed as an 
of the 2 
Such 


massive demyelination 


dogs 
eord 
and 
(fas 
were 
massive 


nerve 


most peripheral 


Lymphocyte 
euffs and perivascular astrocyte proliferation oc 
eurred in the cerebellar peduncles and periaquedue 
tal gray matter of the midbrain and questionable 
thin cuffs occurred in the ventral thalamus. 

5) Nonsuppurative Disseminated Encephalomy 
elitis Involving Both the Gray and White Matter 


Fig. 3—Middle cerebellar peduncle in a case of 
canine distemper showing most common areas 
of rarefaction of the white matter. (A) Sub- 
meningeal and (B) adjacent to fourth ventricle. 
Hematoxylin and eosin. x 5. 
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of the Entrie 
variable in the extent of nervous system damage 
but all diffuse destruction 
of both fiber 
spinal cord and entire brain. Loss of myelin was 
a mild to prominent feature, occurring in all tis 


Brain.—These 4 cases were quite 
were characterized by 


neuronal and nerve tissue in the 


Fig. 4—Demyelination of external arcuate fi- 
bers of pons in canine distemper. Wiegert 
stain. x 34. 


sues except those of the cerebral cortex. In the 
cord, nerve fiber damage was most severe in those 
fibers lying closest to the central gray matter. 
Perivaseular cuffs of lymphocytes occurred in both 
gray and white matter. All stages of neuron degen 
eration were seen from early eosinophilie degener 
ation to ‘‘ghost’’ or completely 
Meningitis occurred in 
general very mild. 
the endothelium of smaller 
and 1 
early capillary proliferation in the precentral cor 
tex. Hippocampal changes in the form of loss of 
small neurons and the 
nodules appeared in 2 of the 4 cases. 

Group 3. Miscellaneous Conditions Diag- 
nosed Clinically as Encephalitis —Of the 
66 cases presented for study as examples 
of canine encephalitis, 10 were found upon 
gross and microscopic examination to be 
conditions other than encephalitis. These 
nonencephalitie cases are listed in table 1. 


missing neurons, 
3 of the 4 cases and was in 


Swelling and proliferation of 


blood vessels was com 


mon ease of the longest duration showed 


occurrence of small glial 


DIscUSSION 


The results of this study indicate that 
despite the recent evidence suggesting the 
existence of forms of canine encephalitis 
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other than that following distemper, this 
latter type is much in preponderance, con- 
stituting 82.1 per cent of the known en- 
cephalitis cases studied. The presence of 
inclusion bodies in the various visceral tis- 
sues as well as those in the central nervous 
system proved to be an accurate means of 
diagnosis. Of the known cases of distem- 
per, 93.5 per cent could be recognized by 
the presence of these inclusions. Neuronal 
inclusions were encountered but because of 
their occurrence in certain other diseases 
of the canine central nervous system, their 
use as a diagnostic aid in distemper is 
not recommended. It is believed that the 
common occurrence of these inclusions plus 
involvement of the white matter of the dor- 
solateral pons, cerebellar peduncles, and 
deep cerebellar white matter should enable 
one to diagnose distemper encephalitis in a 
great proportion of the cases without ne- 
cessitating ferret inoculation of serological 
verification. 

The virus neutralization test using egg- 
adapted distemper virus has been used suc- 
cessfully in this laboratory for over a year. 
The production of characteristic plaques on 
the chorioallantoic membrane of the devel- 
oping chicken embryo is used as an indi- 
cation of lack of neutralization. This test 
revealed only 1 additional case of distem- 
per besides the 45 recognized by inclusion 
bodies and ferret inoculation. 

The central nervous system lesions of 
canine distemper have been described by 
many authors with many variations. The 
greatest dissension appears to hinge upon 
the occurrence of true inflammatory lesions 
in the brain and upon the role of demye- 
lination. In this study of many individ- 
ual cases of distemper, active inflammatory 
lesions were seen, though occurring in less 
than half of the They were most 
obvious in the cases of shortest duration. 
These lesions were characterized by lym- 
phoeytic perivascular cuffs, rod-cell forms 
of microglia, adventitial and, less often, en- 
dothelial cell proliferation in the smaller 


Cases, 


vessels, hemorrhage and perivascular ede- 


ma, and small nests of both glial cells and 
mononuclear cells scattered through the 
affected tissues. That these changes were 
found demonstrates that distemper ence- 
phalitis may at times appear as an acute 
inflammatory process and so should be con- 
sidered a true encephalitis. 
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Demyelination, though often slight, was 
a common lesion. It commonly involved 
the transverse fibers and external arcuate 
fibers of the medulla and pons, the fibers 
of the middle and anterior cerebellar pe- 
duneles, and the deep cerebellar white mat- 
ter. Loss of myelin is merely an indication 
of damage to white matter and since this 
work, as well as that of previous workers, 
has shown the virus of distemper to in- 
volve both gray and white matter, the de- 
myelinizing process should be considered as 
indicating merely an extensive involvement 
of the white matter. Demyelination should 
not be taken as a criterion of the presence 
or absence of distemper encephalitis. 

Distemper encephalitis is commonly pie- 
tured as occurring several weeks after the 
patient has apparently recovered from the 
initial catarrhal form of the disease. In 
this study, only 6 of the 46 cases of dis- 
temper showed complete clinical recovery 
from the initial catarrhal attack of the 
disease. 

SUMMARY 


1) Sixty-six cases were submitted by vet- 
erinarians as representing canine encepha- 
litis. Fifty-six of these cases were shown 
microscopically to be true cases of ence- 
phalitis. 

2) Histological examination for distem- 
per inclusions, ferret inoculation, and neu- 
tralization tests showed 46 (82.1%) of the 
56 cases to be related to canine distemper. 

3) Forty-three of the distemper cases 
could be recognized by the presence of 
characteristic distemper inclusions. Thirty- 
five of these cases contained neuroglial or 
ependymal inclusions in the central nerv- 
ous system. The use of these central nerv- 
ous system inclusions is recommended as 
an aid to the diagnosis of distemper ence- 
phalitis. Neuronal inclusions occurred in 
7 of the cases but their occurrence in other 
disease conditions makes them unsuitable 
for distemper diagnosis. 

4) The lesions of distemper encephalitis 
were characteristically a rarefaction of the 
white matter of the dorsal and lateral pons 
and medulla, cerebellar peduncles, and 
deep cerebellar white matter. Also affected 
were the midbrain and less often anterior 
brain stem, corpus striatum, motor cortex, 
and spinal cord. In affected areas, astro- 
cytic gliosis, characteristic inclusions and, 
less often, true inflammatory changes were 
seen. 
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5) Ten of the 56 cases (17.9%) of ence- 
phalitis had no demonstrable relationship 
to canine distemper. Special strains failed 
to reveal any infectious agents. Efforts at 
transmission to mice and puppies and 
cultivation in embryonated eggs were un- 
successful. These conditions are classified 
into five arbitrary groups based upon their 
lesions and the particular portion of the 
central nervous system which was affected. 

6) Serums from the cases of nondistem- 
per encephalitis were negative for neu- 
tralizing antibodies against western equine 
encephalomyelitis, St. Louis encephalitis, 
and lymphocytie choriomeningitis. 
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Feline Pneumonitis. I]. The Effect of Antibiotics on the 
Experimental Infection 


D. G. McKERCHER, D.V.M., Ph.D. 


Davis, California 


THE suscEepTiIBILity of the virus of feline 
pneumonitis to various antibiotics and 
chemotherapeutic agents has received con- 
siderable attention during the past several 
years.'"* These studies, however, have been 
conducted on the virus in culture 
and in experimental rather than in the 
natural host species. Inasmuch as a_ host 
effect on the action of at least one of the 
sulfonamides (sulfamerazine) has been 
demonstrated,® the possibility of the exist- 
ence of this factor in connection with anti- 
biotic therapy cannot be excluded. Fur- 
thermore, since the nature of the infection 
produced by the virus of feline pneumo- 
nitis varies with the host, it was not felt 
that the therapeutic value of these agents 
on the disease in cats could be determined 
accurately by the extrapolation of data 
from the experimental to the natural host 
species, 

In view of this situation, it was consid- 
ered advisable to determine the effect of a 
number of commonly used antibiotics on 
experimentally produced feline pneumo- 
nitis in kittens. It likewise appeared desir- 
able, for purposes of comparison and in 
order to confirm the work of others, to con- 
duct parallel studies in mouse lung and in 
chicken embryo yolk sac. Accordingly, an 
investigation designed to fulfill these pur 
undertaken and reported 


tissue 


poses Was 


herein. 
METHODS 


MATERIALS AND 


The original strain of feline pneumonitis virus 
Saker” was used. It was maintained 
to 7-day-old chicken em 
employed in the 


isolated by 
by yolk sac passage in 5 
The diluent ordinarily 
preparation of virus suspensions was physiological 
saline buffered at pH 7.2 with 4 parts of 0.15 
molar phosphate buffer per hundred. Titration of 
in mice and in 


bry Os, 


infectious material was conducted 
chicken embryo yolk sac, the virus concentration 
being expressed in terms of infective dosese (IDs) 
for mice and as lethal doses: (L.Ds.) for the latter, 


Experiment Station, College of 
Medicine 


From the Agricultural 
Agriculture, School of Veterinary 
of California, Davis 

Appreciation is expressed for the technical assistance 
of Mr. Joseph K. Saito 


University 


according to the method of Reed and Muench.” A 
10 per cent suspension of virus in sterile skimmilk, 
prepared by weight and held under dry ice refrig 
eration, was used to infec’ mice and chicken em 
bryos. For infecting kittens, a 10 per cent suspen 
sion of fresh infectious yolk sae in buffered saline 
was used. All smears were stained according to 
Macechiavello’s method.” 

The antibioties 
study, namely, aureomycin,* terramyein, 
*** penicillin, and streptomycin.**** All 
while the 


this 
chloro 


following were used in 


mycetin, 
were supplied in the 
first three mentioned were provided, in addition, 


parenteral form 
in capsules for oral administration. The parenteral 
form of the aureomycin and the terramyein econ 
sisted of the erystalline hydrochloride with sodium 
giycinate, while the corresponding form of chloro 
mycetin was supplied in solution in propylene gly 
col. The penicillin and streptomycin consisted of 
the sodium crystalline G complex and the calcium 
chloride The former was 
obtained, in addition, as the crystalline procaine 
oil containing 2 per cent 
aluminum A stock solution of the 
crystalline form of each antibiotic was prepared 
by reconstituting with distilled water. Such solu 
tions of aureomycin and streptomycin were held in 
the frozen state for periods up to two weeks in 
terramycin peni 


complex, respectively. 


G product in peanut 


monostearate, 


and 
The peni 


duration, whereas those 
cillin were prepared just prior to use. 
cillin in oil, both forms of chloromycetin, and the 
preparation of aureomycin and terramycin 
each were held at room temperature. 
Aureomycin and penicillin blood 
were determined, using a tube dilution method and 
a suitable test Blood were 
from 2 animals in those groups on which 
determinations made at the third, sixth, 
twelfth, and twenty-fourth hour, respectively, fol 
lowing the administration of the drugs on the first 
and third days of treatment. The values shown in 
table 1 


day period. 


levels only 


organism, samples 
drawn 
were 


represent the average levels over this two 


EXPERIMENTAL 

In Kittens.—Kittens 4 to 6 weeks of age were 
intranasally, while light ether 
with 0.25 ec. of yolk sae 


suspension. When marked symptoms of the disease 


inoculated under 


anesthesia, infectious 


developed, nasal and ocular washings from each 


animal were inoculated intranasally in mice in 


order to confirm the presence or absence of virus. 


Laboratories. ** Supplied by 
*** Supplied by Parke 
Merck & Company 


* Supplied by Lederle 
Chas. Pfizer & Company 


& Company * Supplied by 


Davis 
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TABLE 1—Results of Antibiotic Therapy in Experimentally Infected Kittens 


Pretreatment 
No. clinically 
infected/No 
yielding virus 


Ave. blood Posat-treatment 
drug level 
(Ist & 3rd 


day) 


No. of No. yielding 


kittens 


No. clinically 
No virus at end 
of experiment 


Antibiotic. dosage, and 
treatment schedule infected 


yielding virus 


fureomycin 
2.5 mg. per lb 
(8.C.) 


body wt. daily N.T days)* 


Initial dose 5 mg. per Ib 
body wt. daily; thereafter 
mgm. per Ib. daily 


0.45 ug 
per ce 
(S8.C.) blood serum 
Repeat treatment as above in 


same animals N.T days) 


dose 25 mg. per Ib 
wt. daily; thereafter 12.5 
(Oral) 


Initial 
body 


0.936 we 
per ce 


blood serum 


5 days) 


mgm. per tb. daily 


Terram 


Daily total of 50 mg. per Ib 7 days) 
body wt. in divided 


(Oral) 


doses 


Chloromycetin 


Initial daily dose—total of 100 
mg. per kilo. body wt. in 
divided doses; thereafter daily 
total of 50 mgm. per kilo. in 
divided doses. (Oral) 


days) 


Twice the above dosage 5 days) 


Penicillin 


Initial dose—50,000 units xylline 75 units 
+ 100,000 units in oil per kit 
ten daily; thereafter, 100,000 


units of latter daily. (S.C.) 


per ec 
blood serum 


Streptomycin 


Daily total of 25 mg. per Ib 
body wt. in multiple 
(8.C.) 


doses 


Length of time animals held following treatment Controls. 8.¢ Subcutaneous. N.T Not tested 


The kittens were then divided into experimental 
and control groups and identified by ear tags. The 
latter animals were housed separately from those 
receiving treatment. 

Dosages were based largely on the recommenda 
tions of the drug manufacturers and are shown in 
table 1. 
period of four consecutive days with the exception 
of the streptomycin which was given for one week. 
All parenteral preparations were administered by 
the subcutaneous route. 


Each antibiotic was administered over a 


The aureomycin and peni 
cillin were given in one daily injection while the 
streptomycin was injected at three-hour intervals 
over a period of twelve hours daily. The aureo 
mycin was also given orally in one daily dose. The 
dosage of chloromycetin, which was likewise given 
orally, was divided and given daily at twelve-hour 
intervals. The terramycin was administered daily 


at two intervals of six hours and one of twelve, 
one-quarter of the total dose being given at the 
beginning of period and the re 
mainder at the start of the twelve-hour interval. 

Immediately 


virus 


each six-hour 


following completion of 
attempted 
treated and the control animals. 


therapy, 
both the 
The former were 


isolations were from 
then held for varying periods in disease-free quar 


ters. Treatment was repeated in one group of 
aureomycin-treated kittens in which symptoms of 
the disease recurred. 
at varying periods following the termination of 
therapy and attempts made to reeover the virus 
from the turbinate bones. 

In Mice. 
Gm. 
were based on reports in the literature, treatment 
started, using the parenteral only of 


All animals were destroyed 


Albino Swiss mice weighing 15 to 20 


each were used. Employing dosages which 


was form 


106 
4 4/4 
0/0 (14 days) 
4/3 
4 4/4 
0/2 
6 (C)** 6/6 6/6 6 
2 (C0) 2/2 2/2 2 
6 4/6 
8 (C) 3/3 t/N.T 
5 5/5 
0/3 4 7 days) 
1(C) 1/1 1/1 
2 (C) 2/2 2/2 
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FELINE PNEU 
each antibiotic, prior to, simultaneous with, and at 
varying time intervals following the inoculation of 
virus as shown in table 2, and was continued for 
four successive days. Each antibiotic was diluted, 
when necessary, so that the required dosage was 
contained in a volume of 0.10 ee. and was given in 
one subcutaneous injection daily with the excep 
tion of the chloromycetin which was administered 
twice daily. Dilutions of the penicillin in oil and 
the streptomycin stock solution were made in phys 
iological saline, while infusion broth containing 
20 per cent by volume of propylene glycol was the 
diluent used for the chloromycetin. 

Each mouse intranasally 
250 [Dse of virus contained in a volume of 0.05 ce. 
of yolk sac suspension in skimmilk which was di 


was inoculated with 
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luted with buffered saline to the appropriate con 
centration just prior to use. 

The lungs of mice that died during the course 
of treatment were examined grossly for pneu 
monia and by smear for elementary bodies. Sur 
vivors were destroyed on the tenth day following 
the administration of virus and were examined as 


described above. Results were expressed in terms 


of both a survival ratio and an infectivity score 
according to the method of Horsfall.” 
where pneumonia was absent or indefinite, or when 


In all cases 


elementary bodies could not be demonstrated on 

smear, a suspension of the lungs in question was 

passed in mice by serial intranasal inoculation. 
In Chicken Embryos.—Fertile White Leghorn 


hens’ eggs that received a preliminary incubation 


TABLE 2—Results of Antibiotic Therapy in Experimentally Infected Mice 


Antibiotic, dosage, and 


treatment schedule 


No. of 


mice 


Aureomycin 
1 mg. per mouse daily 
24 
24 
48 


hours 
hours 
hours 
hours 
hours 


Terramycin 
2.5 mg. per mouse daily 
24 hours 
hours 
24 hours 
48 
72 hours 


hours 


Chloromycetin 
2.5 mg. per mouse daily 
in divided doses 
24 hours 
24 
48 


fe 


hours 
hours 
hours 
hours 


Penicillin 


1500 units per mouse daily 


Survival Presence of 

ratio on 
10th day 
following examination 
of No. of lungs 
examined 


virus by 
Infectivity 


score 


microscopic 


virus 


24 

0 
24 


hours 
hours 
hours 
hours 


hours 


Streptomycin 


1 mg. per mouse daily 


24 

24 
45 


(Cc 


)** 


so per mouse 


Controls. 


hours 
hours 
hours 
hours 
hours 


)*** Presence of virus by 


subinoculation 


5, 5/5 2/25 0/2 (1/3)*** 
5 5/5 1/25 0/2 (1/3) 
5 5/5 0/25 (0/3) 
5 5/5 4/25 0/3 (2/2) 
5 72 5/5 9/25 2/2 
10 (C)** 9/10 16/50 5/5 
5 5/5 0/25 0/5 (3/3) 
5 5/5 0/25 0/5 (1/2) 
5 5/5 1/25 0/5 (1/2) 
5 5/5 2/25 0/5 (2/2) 
i 4/4 1/2 
10 (¢ 10/10 26/50 1/2 
5 1/5 24/25 2/5 
5 1/5 17/25 5/5 
5 4/5 15/25 5/5 
5 15/25 5/5 
5 — 20/25 5/5 
5 5/5 16/25 1/1 
5 5/5 12/25 1/1 
5 5/5 8/25 1/1 
5 5/5 10/25 1/1 
5 72 5/5 14/25 1/1 
5 (C) 5/5 16/25 1/1 
5 15/25 1/3 
5 2/5 21/25 
5 2/5 22/25 1/3 
5 3/5 20/25 3/3 
5 72 1/5 24/25 4/4 
10 (C) 9/10 36/50 5/5 
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of five to six days were utilized exclusively. The pa 
renteral form of each antibiotic was used and was 
given in a single injection into the yolk sac cavity 
at intervals in relation to the inoculation of virus 
table 3. Dosage levels were 
based on information contained in the literature. 
The were diluted to a 
wherein the dosage of each per embryo was con 
tained in a volume of The aureomycin 
and penicillin stock solutions were diluted to the 
appropriate concentration with penicillin 
broth, while the same diluent to which was added 
20 per cent by 


which are shown in 
antibiotics concentration 
0.25 ee. 
assay 


volume of propylene glycol was 


employed for further dilution of the chloromycetin 
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Buffered 


streptomycin. 
Five hundred IDse of the stock 
re 


milk contained in a volume of 0.25 ce. 


solution, saline used for the 


virus in skim 
(0.50 ee, in 
the case of the control eggs) were inoculated into 
the yolk sae of each egg in the experiment. Those 
in which the embryos died prior to forty-eight 
hours following inoculation were examined but the 
findings therefrom included in the an 


alysis of the results unless elementary bodies were 


were not 
demonstrated on Eggs in which death of 
the embryo occurred thereafter until the termina 
tion of the experiment on the tenth day following 
the inoculation of 


smear. 


virus were examined as previ 


TABLE 3—Response of Infected Chicken Embryos to Antibiotic Therapy 


No. of 


Antibiotic, 
administration schedule 


dosage, and 


A ureomycun 
1 mg. per egg 
24 hours 
0 hours 
24 hours 
48% hours 


72 hours 


Terramycin 
1.25 mg. per egg 
24 hours 
hours 
24 hours 
4% hours 


72 hours 


Chloromycetin 
2.5 mg. per egg 
24 hours 

0 hours 
24 hours 

48 hours 


je 


hours 


Penicillin 
5000 units per egg 
24 hours 
0 hours 
24 hours 
48% hours 


72 hours 


Streptomycin 
5 mg. per egg 
—24 hours 
0 hours 
24 hours 
4% hours 


hours 


6 (C) 


* 500 LDsgo per egg. (C ‘ontrols. ( 


Presence of 


Survival virus by 


ratio 
on 10th day 
following in 
oculation of 

virus * 


Delay in 
death 
index No. of yolk sacs 


microscopic 


examination 


mouse lungs) 


examined 


presence of virus by subinoculation 


R/R 1.26 4/6)** 
5/7 1.19 0/7 2/4) 
1/6 1.00 0/6 
0.65 
10 (C)** 0/10 4/4 
1/6 0.94 ( 1/6) 
6 5/6 1.21 i) 0/3) 
6 5/6 1.21 /1 2/3) 
6 t/t ors +) 
6 0/6 0.11 
6(C) 0/6 6 
7 0/7 0.20 0/7 
7 O/6 0.70 
7 3/7 0.71 1/4 
7 4/7 0.90 2/3 
11 (C) 4 
0.97 1/6 
1/7 0.48 1/5 
0.04 2/4 
0/7 0.06 1/7 
0/4 0,20 2/¢ 
11 (©) 
O/T 0.00 
0/6 0.00 2/2 
0.00 4/5 
0/7 0.00 5 /€ 
72 0/6 0.00 9/2 
0/6 3/2 
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ously described. When elementary bodies 
demonstrated in at least one egg of each group all 
embryos dying in that particular series were con 
sidered to be deaths due to the virus. The delay 


in death was calculated according to the follow 


were 


ing formula: 


(Average day of death 
of contro) embryos) 


(Average day of death 
of treated embryos) 
Average day of death of control embryos 

An index of 0.4 or greater is considered 
significant. 

The number of embryos surviving at the termi 
nation of the experiment was expressed in terms 
of a survival ratio. In order to determine whether 
virus was present in these eggs, the yolk sacs were 
examined microscopically and in some cases a 10 
per cent suspension prepared therefrom was passed 
serially in either yolk sac or in mouse lung. 


RESULTS 

The 
and 3. 
With the exception of the untreated kit- 
tens and those receiving streptomycin, 


results are shown in tables 1, 


none of which responded to therapy, the 
clinical appearance of all others had as- 
sumed the normal by the end of the treat- 
ment period. Sneezing, however, persisted 


in all groups but to a lesser degree in those 
which received aureomyein and terramy- 
cin. Virus was recovered from nasal wash- 
ings immediately post-treatment and from 
the turbinate bones at varying periods 
thereafter, in a much lower proportion, 
and with greater difficulty, from the aureo- 
mycin- and the terramycin-treated kittens 
than from those treated with the other 
drugs. 

Between the tenth and fourteenth day 
following treatment, a recurrence of symp- 
toms was noted in all kittens in one aureo- 
mycin-treated group. However, the second 
attack responded readily to repeat treat- 
ment, sneezing discontinued, and after 
holding for two weeks, the infection did 
not recur. In this case, only 1 of the 4 ani- 
mals vielded virus from the turbinate 
bones. Recurrence of symptoms was not 
observed in animals in any of the other 
treated groups, none of which, however, 
were held for a period exceeding seven 
days beyond the completion of therapy. 

Toxic effects of a systemic nature were 
not produced by any of the antibioties in 
the dosage given, while slight local irrita- 
tion only resulted from the injection of 
aureomycin. In cases where determinations 
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were made, it was found that relatively 
high blood drug levels resulted from the 
dosages employed. 

Aureomycin, and particularly terramy- 
cin, exerted a marked effect on the virus in 
mouse lung and in chicken embryo yolk 
sac as shown in tables 2 and 3, respectively. 
However, while the agent could not be 
demonstrated microscopically in normal 
appearing, or slightly pneumonic, lungs of 
mice treated with these drugs, it was, 
nevertheless, shown to be present in the 
majority of cases on subinoculation. Virus 
was shown to be present by subpassage in 
the yolk saes of all surviving aureomycin- 
treated embryos in which it could not be 
detected on smear. It could not, however, 
be recovered by this means from the em- 
bryos receiving terramycin prior to, and 
simultaneous with, the virus. By compari- 
son with these two drugs, chloromycetin 
and penicillin were much less effective, 
while streptomycin produced effect 
whatever on the virus. 


DISCUSSION 


Inasmuch as all the antibioties tested, 
with the single exception of streptomycin, 
produced an improvement in the clinical 
appearance of the infected kittens, evalua- 
tion of treatment had to be based on the 
effect produced on sneezing and on the 
capacity of the drugs used to render the 
respiratory passages virus free. On the 
basis of these criteria, parenterally admin- 
istered aureomycin proved to be the most 
effective antibiotic used in this study. A 
dosage of 2.5 mg. per pound body weight 
given subcutaneously each day for four 
consecutive days was found to produce a 
satisfactory clinical response. However, a 
lower proportion of virus recoveries was 
made when the initial dose was twice this 
amount. Symptoms which recurred re- 
sponded readily to repeat treatment. Re- 
covery was accompanied by complete sup- 
pression of sneezing, although virus was 
not entirely eliminated from all of the 
treated animals. When given orally, aureo- 
mycin was somewhat less effective than 
orally administered terramycin. It is diffi- 
cult to compare the two, however, inasmuch 
as terramycin was used in fewer animals 
and at a much higher dosage level than 
was aureomycin. It is nevertheless possible 
that the therapeutic effectiveness of terra- 
mycin might be increased by parenteral 
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administration, as was found in the case 
of aureomycin. 

Treatment with chloromycetin and peni- 
cillin resulted in improvement in the clini- 
cal appearance of the infected kittens but 
inasmuch as little effect was produced on 
the virus itself, the improvement observed 
was probably due to the bacteriostatic and 
bactericidal action of these drugs on the 
secondary pyogenic bacteria. Streptomy- 
cin, however, did not influence the course 
of the disease in any way. 

Findings which closely paralleled these 
were obtained for each antibiotic when 
tested against the virus in mouse lung and 
in chicken embryo yolk sae. 

While experimentally, it seems possible 
by means of aureomycin, and probably by 
terramycin, to eliminate the virus entirely 
from the host, it is doubtful if this can be 
accomplished by systemic therapy as it is 
employed clinically because of the super- 
ficial localization of the virus in the natural 
infection. Nevertheless, this should not 
be interpreted as evidence that treatment 
is of no value in the disease. It was noted 
in this study that a substantial reduction 
in virus was accompanied by depressed 
sneezing. Any treatment which results in 
the suppression or elimination of this me- 
chanical factor, which is probably of ut- 
importance in the dissemination of 
the virus, is consequently of value. More- 
over, if resistance to reinfection is due 
simply to an infectious type of immunity, 
as suggested by Francis,'® reduction of the 
amount of virus to a residual level, rather 
than its complete elimination, would be in- 
dicated. Should resistance depend on an 
immune response which is maintained by 
the presence of virus in equilibrium with 
the host, complete removal of virus would 
likewise be undesirable. Even should an 
active immunity be developed as a result 
of infection, there would be no necessity 
for eliminating residual virus other than 
as a precaution against the possibility of 
the animal becoming a carrier, or as a 
means of preventing recurrent attacks un- 
der conditions of lowered host *resistance. 
In the event of an active immunity de- 
veloping, it would presumably increase 
progressively with the infection. 
quently, it would appear advisable to 
either delay treatment until late in the 
course of the disease or, in the event of 
extremely acute cases, to give repeated in- 


most 


Conse- 
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jections over a period of several days in 
order to control the severity of the infee- 
tion. In cases where it would be considered 
advisable to completely eliminate the virus, 
treatment could be repeated at intervals, 
as was done in this study. Recent work * 
has shown that there is little likelihood of 
increasing the the feline 
pneumonitis virus to either aureomyein or 
terramycin by prolonged in vivo exposure 


to these drugs. 


resistance of 


SUMMARY 


Aureomycin and terramycin were each 
found to be effective in the treatment of 
kittens experimentally infected with the 
virus of feline pneumonitis. However, 
virus was still present in the respiratory 
passages in some cases following treatment. 
Chloromycetin and penicillin were of ques- 
tionable or slight value in this infection, 
whereas streptomycin proved entirely 
ineffective. 

Parallel studies conducted in mouse lung 
and in chicken embryo yolk sae failed to 
reveal any significant host effect on. the 
action of the drugs used in this study 
against the virus of feline pneumonitis. 
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Electron Microscopic Study of the Virus of Rabies 


R. L. REAGAN, MAJOR U.S.A. Ret.; W. C. DAY, Ph.D.; MARILYN P. HARMON, B.S.; 
A. L. BRUECKNER, V.M.D. 


College Park, Maryland 


THE RABIES VIRUS, strain V308, used in the 
present study was isolated in Swiss albino 
mice which had been inoculated with a 
brain suspension from a dog with rabies. 
The history of this strain is given in a pre- 
vious paper which dealt with electron 
microscope studies of Negri bodies.'| The 
strain was pathogenic for two species of 
bats * and also for the Syrian hamster." 


MeTHops 


albino mice 


0.03 


4-week-old Swiss 


intracerebrally 


Six, were inocu 
lated of 10 
cent virus-bearing brain suspension of the second 
which titrated 10° Six 
injection the mice showed tremors and 


with ec. a per 


mouse passage in mice, 
days after 
paralysis but manifested no symptoms of furious 
The brains of 4 paralyzed mice were re 
the 


with 


rabies. 


aseptically. Touch from 


of 
and, 


moved preparations 
Ammon’s horn 
Seller 
light microscope, were found to contain numerous 
10 
per cent suspension with physiological saline, were 
to initiate the electron 

The infectivity or lethality titer of this 
material 

Fifteen healthy Syrian hamsters (age 16 days) 
of 10 
per cent suspension 
(third of 
rabies appeared in these hamsters six days later. 


brains were stained 
under a 


these 


8 stain upon examination 


Negri bodies. These mice brains, diluted to a 


used 


study. 


present microscope 


In mice Was 


were injected intracerebrally with 0.03 ee. 


virus-bearing mouse brain 


mouse passage). Symptoms furious 
When symptoms appeared, the hamsters were de 
stroyed and the brains removed aseptically. Touch 
the of 


brains were stained with Seller’s stain and, upon 


preparations from Ammon’s horn these 
a light microscope, were found 
Ten 
were injected intracerebrally 
10 cent 


No symptoms were seen in these 


examination under 
to 
age 


0.03 


hamsters 
with 
normal 


contain numerous Negri bodies. 


i4 


days 
of a 


per suspension of 
hamster 
normal controls. The 10 hamsters were destroye4 
the 


were removed aseptically. 


postinoculation and the brains 
The pools of infected 


on sixth day 
hamster brains and of normal hamster brains were 
ground with alundum and diluted to 10 per cent 
The two 


suspensions were then subjected to centrifugation 


suspensions with physiological saline. 


Sanitary Laboratory 
of of 
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Stock Service 
Board 
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an angle centrifuge at 2,000 
r.p.m. The supernatant fluids were removed and 
filtered through type ST size L6 Seitz filters. The 
filtrates were spun in a refrigerated Spinco ultra 
at 44,770 for two The 
temperature the refrigerated outer jacket re 
at —7(C. during the centrifuga 
supernatants from the 

and the from 
1.0 ce. of physiological saline. 


for five minutes in 


centrifuge r.p.m, hours. 
of 
mained constant 


The 


d isearded, 


tion, specimens were 
re 


Sev 


sediment each was 
suspended in 
eral drops of each suspension were placed on sep 
arate parlodion film supports which had been pre 
pared forty-eight After all 
cess fluid had been removed with small capillary 
the with 
at 
electron 


hours previously. ex 


films were dried and shadowed 
are tangent 2/8 and examined under 
EMU. The 
the control material was injected into 
that of the material 


pipettes, 
chromium 
the RCA 
balance of 
hamsters 


microscope, type 


6 and infected 


into hamsters. 


RESULTS 


Three of the 10 hamsters injected intra- 
cerebrally with the concentrated infected 
material showed furious rabies symptoms 
after a period of ten days. The hamsters 
were destroved and the brains removed 
aseptically and examined for the presence 
of Negri bodies. Smears from these ham- 
ster brains stained with Seller’s stain re- 


Fig. 1.—Rabies virus particles. Shadowed with 
chromium at arc tangent 2/8. x 80,000. 


# 
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vealed a few Negri bodies upon examina- 
tion with a light microscope. The ham- 
sters injected intracerebrally with the con- 
centrated suspension of normal hamster 
brain appeared normal and were discarded 
after an eighteen-day observation period. 

Upon electron microscopic examination 
of the concentrated suspension of the 
brains of the normal hamsters, no virus- 
like particles could be seen. Upon exami- 
nation of the concentrated suspension from 
the infected hamster brains, spheroidal 
particles with irregular contour were dem- 
onstrated as shown in figure 1. These bod- 
ies measured 100 to 120 mp in diameter by 
direct measurement. The virus particles 
appeared to resemble the internal strue- 
tures previously demonstrated in Negri 
bodies by electron microscopic examina- 
tion of mouse brains infected with the 
same strain of rabies.’ 


SUMMARY 


Studies by the electron microscope of 
brains of hamsters infected with rabies 
virus, strain V308, showed the virus to 
vary from 100 to 120 mp in diameter. 
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BRUECKNER 
These bodies could not be demonstrated in 
concentrated normal hamster brains sub- 
jected to the same procedure of concentra- 
tion and examination. The concentrated 
virus-bearing hamster brain material, 
upon being injected into normal hamsters 
intracerebrally, produced furious rabies. 
The concentrated material from normal 
hamster brains injected intracerebrally 
into hamsters produced no evidence of 
rabies. The virus particles demonstrated 
resemble the internal structures previously 
seen in Negri bodies by electron micro- 
scopy.’ 
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The Gross and Microscopic Anatomy of the Respiratory System 
of the Turkey 
1. The Nasal Cavity and Infraorbital Sinus 


M. S. COVER, V.M.D., Ph.D. 


Urbana, Illinois 


THE MICROSCOPIC STRUCTURE of the nasal 
cavity of the chicken has been studied by 
Jungherr.* He described the epithelium 
lining, the nasal cavity, and the epithelium 
covering the turbinate bones. Jungherr 
observed three types of epithelium: modi- 
fied keratinized stratified squamous epithe- 
lium, respiratory epithelium, and olfactory 
epithelium. He stated that the modified 
stratified squamous epithelium was char- 
acterized by epithelial cells with more or 
less alternating columns of six to eight nu- 
clei arranged at right angles to the mem- 
brana propria. He also observed that the 
intervening cytoplasm often exhibited 
many bands of contraction which gave the 
surface a characteristically corrugated ap- 
pearance. The respiratory epithelium per- 
mitted passage of the fine ducts of Bow- 
man’s glands. Jungherr also stated that 
the anterior portion was lined by a simple, 
flat, keratinized epithelium which changed 
farther back into a ciliated, low columnar 
type with a few intraepithelial glands. 

Bleichner and Legart! noticed the simi- 
larity of the accessory subcutaneous infra- 
orbital sinus of birds to the maxillary sinus 
of mammals. 

Although the gross features of the nasal 
cavity of the chicken and infraorbital si- 
nus have been studied by various authors 
including Kaupp,* Sisson,® MeLeod and 
Wagers,” and Bradley,’ those of the turkey 
have not been described. 


MATERIALS AND METHODS 

The specimens used in this study were obtained 
from apparently healthy matured Broad Breasted 
Bronze and White Holland Turkeys weighing 18 
to 20 lb. A total of 498 sections were made from 
11 turkey heads. The tissues were fixed in Zenk 
er’s fluid, and paraffin sections were cut at 7x. 
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Most of the sections were stained with hematoxylin 
and Other staining techniques used were: 
Heidenhain’s azan, Masson’s trichrome, Giemsa’s, 
Van Gieson’s with iron hematoxylin, Foot’s modi 
fication of Bielschowsky ’ 

The gross anatomy of the nasal cavity was also 
studied by dissection of turkey heads embalmed 
either by arterial immersion in 
embalming solutic.a. 


eosin, 


s, and Tianzer-Unna orcein. 


injection or by 


EXPERIMENTAL RESULTS 

Nasal Cavity.—-The nasal cavity of the turkey 
(fig. 1) has the shape of a cone with its small end 
anterior. The anterior nares or nostrils are situ 
ated about halfway between the eye and the apex 
of the beak. The aperture is slitlike, with its long 
axis parallel to that of the beak. The osseous open 
ing is much larger than that in the soft tissues. 
The upper margin of the anterior nares overlaps 
the lower so that the air passes upward and over 
the lower margin to reach the nasal cavity. 

The only osseous tissue present in the floor of 
the cavity is the thin maxillary and palatine proce 
esses of the premaxilla, the zygomatic process of 
the maxilla, and the palatine bones. The remainder 
of the hard palate is composed of epithelium and 
connective tissue. 

Posteroventrally the nasal cavity communicates 
with the oral cavity as well as with the pharynx. 
The posterior nares are communications between 


MEDIAL VIEW OF NASAL CAVITY cromer) 


€. TURBINATE BONES removed 
showing areas of cttochment 


Fig. 1—Medial view of turkey nasal cavity 

(from drawings). (1) Anterior turbinate bone. 

(2) Middle turbinate bone. (3) Posterior tur- 
binate bone. 
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the two nasal chambers as well as with the oral 
and pharyngeal cavities. They are slitlike open 
ings (2.5 em.) guarded on their lateral edge by a 
row of cornified papillae. 

The nasal cavity is divided by a complete carti 
laginous nasal septum into right and left compart 
ments. At the posterior nares, the septum bridges 
the space. Thus, the right and left nasal cavities 
communicate with the oral cavity through a com 
mon opening. 

There are three turbinate conchae (fig. 1) which 
are actually cartilaginous 
epithelium. 


plates covered by an 
The apex of the triangular anterior 
directed forward and is free. Its 
posterior and dorsal borders are attached to the 
lateral wall of the nasal cavity. The lateral sur 
face is coneave while the medial surface is convex, 
so that the ventral or free border is unattached 
and eurves outward under the 


turbinate is 


inferior margin of 


the anterior nares. The posterior border of the 
turbinate is attached to a transverse ridge on the 
floor of the nasal 


versely 


trans 
lateral 
The dorsal border of 
turbinate is attached to the lateral 
nasal wall on an oblique line from this point to 


which extends 
across the nasal cavity from the 
wall to the nasal 


the anterior 


cavity 


septum, 
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ward the nasal roof where it 
on a line parallel to the roof of the cavity. 
the posterior part of the dorsal 
tached to the lateral nasal wall, 
delimited in this area. The air through 
the anterior nares between the 
anterior turbinate and the inferior margin of the 
between the 
septum. From 
into the 


inclines anteriorly 
Since 
border is at 
a blind space is 
inhaled 
passes downward 
nares to reach the 
turbinate and the 


anterior space 


anterior nasal 
this 
main part of the nasal chamber. 

The middle turbinate is quadrilateral in shape. 
Its dorsal border is attached to the roof of the 
The ventral which is free, 
curves outward and then upward toward the lat 


point, the air passes posteriorly 


nasal cavity. border, 


eral nasal wall so as to produce a coil of ap 
proximately one turn. The ends are tapered and 
unattached. The anterior half of the dorsal border 
is attached at the junction of the lateral 
wall and roof, but the attachment is 
more lateral. 
on the dorsal aspect of the posterior part of the 
which 


nasal 
posterior 
This leaves a rather irregular space 
nasal is occupied by the 
turbinate, 
lateral nasal wall below the middle turbinate and 


cavity posterior 


Much of the mucous membrane of the 


above the posterior nares is thrown into thin rib 


Fig. 2—Layers of nasal cavity, 
hematoxylin and eosin stain. 
x75. (1) Ciliated pseudo- 
stratified epithelium. (2) Sim- 
ple and compound alveolar 
mucous glands. (3) Lamina 
propria. (4) Hyaline cartilage 
of middle turbinate bone. 
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like folds. These thin folds are, for tlre 
part, parallel to each other and are directed dorso 
anteriorly. 

Just below the middle turbinate the slitlike open 
ing of the nasolacrimal duct is found. From its 
nasal opening, the duct proceeds upward and for 
ward at first and then turns abruptly backward 
and upward to reach the conjunctival cavity. It 
is about 5 mm. in diameter. 

The posterior 
blister-like 
orbital 
nasal cavity. 

The and the 
covered by two layers 


most 


turbinate is a small, rounded, 
wall of the infra 
part of the 


projection of the 
sinus into the posterolateral 


nasal cavity turbinate bones are 
the mucous membrane and 


The 
the epithelium 


membrane 
and the 


the supporting elements. mucous 


is composed of lamina 


(fig. 2). 
mucous 


propria 
The 
parts of the nasal cavity. 


different 
The epithelium in the 
anterior portion of the nasal cavity is 


membrane varies in the 


a special 
ized stratified squamous type (fig. 3). It is com 


posed of a basal layer adjacent to the lamina 


propria, an intermediate layer, and a 
The 


rows of irregularly 


superficial 


layer. basal layer is formed of one or two 


cuboidal cells. The character 


Fig. 3—Specialized stratified 
squamous epithelium of the 
nasal cavity. Van Gieson’s 
stain with iron hematoxylin. 
x 1000. (1) Cornified epithe- 
lium. (2) Columns of nuclei 
of intermediate layer. (3) 
Basal layer. (4) Lamina 
propria. 
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istic surface contour is caused by the unusual 
arrangement of the cells in vertical rows in the 
intermediate layer. Each cell contains a large 
central nucleus which produces a bulging of the 
cytoplasm. The cells are so arranged that their 
nuclei are disposed in a vertical series, This gives 
to the surface a somewhat stippled appearance due 
to the shallow area between the rows. The super 
ficial cornified layer of cells is thin. 
The stratified epithelium 
found in the anterior part of the cavity is con 
tinuous with the heavily cornified cutaneous layer 


at the anterior nares. 


squamous which is 


The epithelium of the middle turbinate is glan 
dular. This epithelium covers the 
roof of the nasal cavity, the upper two thirds of 


also 


type of 


the nasal septum, and the upper two thirds of the 


anterior turbinate, as well as the lateral nasal wall 
adjacent to it. 

The characterized by 
the presence of simple or compound alveolar mu 
cous glands which empty a pseudostratified 
ciliated epithelium. In 
mucous thicker 
these places the mucous glands are 


glandular epithelium is 


columnat some areas the 


membrane is than in others. In 


more complex 


and often occur in grapelike clusters. There is no 


|| 
a 
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special arrangement of the epithelium in the ducts. 
The mucous cells extend into the neck of the gland, 
at which point they meet the surface cells. The 
many openings of the alveolar mucous glands cause 
the surface epithelium to appear only in small tuft 
like areas on section. 

The mucous membrane covering the 
turbinate bone is olfactory in type (fig. 4). It is 
a stratified columnar epithelium composed of tall, 
thin cells. Here the olfactory nerve terminates 
In sections, small nerve fibers are seen in the lam 
ina propria. 
trunk (nervus olfactorius) which passes backward 
medial to the orbit and enters the cranial cavity 
through a foramen in the ethmoid There 
are short protoplasmic from the free 
surface of the olfactory cells (fig. 4). 
of epithelium extends slightly beyond the limits of 
the dorsal turbinate. 


posterior 


The fibers are collected into a nerve 


bone. 
processes 


This type 


The lamina propria (fig. 2) of the nasal cavity 
is composed of collagenous and elastic fibers which 
connect the epithelium to the cartilaginous or bony 
framework. In this there are 
blood vessels, nerves, and lymphaties. The lamina 
propria of the hard palate contains many branched 


layer, numerous 


tubular mucous glands. In the lamina propria be 


neath the olfactory epithelium, there are many 


The 
supporting structures contain either hyaline car 


flask-shaped glands, ‘‘Bowman’s glands.’’ 


tilage or bone depending upon the location. 
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The apex of the large in 
extends as far forward as the 
Anteriorly, it is only half as high 


Infraorbital Sinus. 
fraorbital 
anterior nares. 
as the nasal cavity, but 
rapidly in height until at the anterior canthus of 
the eye it extends to the roof. 

The base of the 
through the anterior canthus of the eye 
pendicular to the long axis of the beak. 


sinus 


posteriorly it increases 


sinus lies on a line drawn 
and per 
Two pro 
longations extend posteriorly from the base of the 
behind 
part 
and has 


and 
ventral 


sinus. The ventral one extends under 
the orbit to partially 
of the eyeball. It is extensive laterally 
and lateral 
dorsal smaller prolongation follows the curvature 
Each 
small 


surround the 


medial posterior prolongations. The 
of the orbit and ends posterior 
of these 
trabeculae and partitions. 


to the eye. 


prolongations presents numerous 
that the 
wall of the sinus is skin. The 


medial wall forms the posterior two thirds of the 


Osseous tissue is absent laterally, so 


covered only by 


lateral nasal wall. The nasolacrimal duct courses 
medial wall. 

The infraorbital with the 
nasal which is 
located at the middle of the posterior limit of the 

wall halfway between the and the 
The folded 
ciliated except for a 
it is low euboidal in 


downward and forward through the 


sinus communicates 


cavity by means of a short canal 


medial floor 


roof. sinus is lined by a somewhat 


pseudostratified epithelium 
small area anteriorly where 


type. 


Fig. 4—Olfactory epithelium from nasal cavity, hematoxylin and eaosin stain. 
x 300. (1) Olfactory epithelial layer. (2) Lamina propria. (3) Bowman's glands. 


* 
3 
| 


Am. J. Ver. Res 
JANUARY 1953 


DiscussION 

The gross structure of the turkey’s nasal 
cavity follows, in general, the description 
of that of the chicken as given in several 
reports such as those of Bradley,” Kaupp,* 
Sisson,” and MeLeod and Wagers.® The 
nostrils, however, are slitlike rather than 
oval or elliptical openings. The upper mar- 
gin of the nostril overlaps the lower so 
that the air passes upward and over the 
lower margin in order to reach the nasal 
cavity. The nasal septum is composed en- 
tirely of hyaline cartilage rather than be- 
ing partly osseous as in the chicken. Kaupp 
reported that the middle turbinate of the 
chicken coiled two and one-half times. This 
turbinate in the turkey does not make more 
than one turn. The posterior turbinate is 
a blister-like projection of the medial wall 
of the infraorbital sinus. The infraorbital 
sinus is large and extends to a point pos- 
terior to the orbit by passing over and 
under it. Since the location of the nasal 
opening of the sinus is high on the medial 
wall, it is difficult for fluids to drain from 
it into the nasal cavity. This means that 
sinus exudates which form in the course of 
various diseases can be spontaneously re- 
moved only by resorption. Also, the many 
small trabeculae and narrow recesses of 
the sinus posterior to the orbit would tend 
to hold inflammatory exudates and thus as- 
sist in extension of the inflammatory proc- 
ess to the eye or brain by continuity of 
tissue. 

The mucous membrane of the turkey’s 
nasal cavity, as well as that of the chicken, 
is similar to that of mammals. However, the 
turkey has numerous simple alveolar mu- 
cous glands which are absent in the nasal 
cavity of mammals. Although the bases of 
these glands do extend slightly into the 
lamina propia, they are practically intra- 
epithelial. The anterior part of the nasal 
cavity is lined by a special kind of strati- 
fied, squamous epithelium chawacterized by 
the stippled appearance of its superficial 
cornified layer; this is due to the unusual 
vertical arrangement of the cells in the 
intermediate layer. 


SUMMARY AND CONCLUSIONS 


1) The gross and microscopic anatomy 
of the nasal cavity and infraorbital sinus 
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of the turkey was investigated by micro- 
scopic examination of tissue sections from 
adult birds and poults and by dissection. 

2) The anterior naris is slitlike and is 
parallel to the beak. 

3) The air passageway into the nasal 
cavity is indirect because the anterior mar- 
gin of the anterior nares overlaps the lower 
margin. 

4) The nasal cavity is divided into two 
portions by a cartilaginous septum. 

5) There are three separate cartilagi- 
nous turbinates: the anterior, middle, and 
posterior. 

6) A mucous membrane, consisting of 
an epithelium and a lamina propria, and 
a supportive layer constitute the wall of 
the nasal cavity. 

7) Three types of epithelium line the 
cavity: specialized stratified squamous, 
glandular pseudostratified ciliated, and 
olfactory. 

8) The stratified squamous type is found 
in the anterior portion of the nasal cavity. 

9) The glandular type is located on the 
middle turbinate bone as well as on those 
parts of the nasal cavity which are adja- 
cent to it. 

10) The olfactory type is found on the 
posterior turbinate and extends slightly 
beyond its limits. 

11) The large infraorbital sinus is tri- 
angular in shape with its apex anterior 
and with posterior extensions dorsal and 
ventral to the eye. 

12) The sinus is lined by a somewhat 
folded pseudostratified ciliated epithelium 
except for a small area anteriorly where 
low cuboidal epithelium is present. 

13) The infraorbital sinus communicates 
with the nasal cavity by means of a short 
canal. 
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A Study of the Pathology of Embryonating Chicken Eggs 
Inoculated with Vibrio Fetus 


H. D. WEBSTER, D.V.M., M.S., and FRANK THORP, JR., D.V.M., M.S., Ph.D. 


East Lansing, Michigan 


RECOVERY OF A viBRIO from cases of abor- 
tion was first recorded in sheep in 1909! 
and in cattle in 1913.2 Smith et al. de- 
scribed lesions in the coneeptus,*®® named 
the organisms,‘ and experimentally in- 
fected cattle.:? Egg inoculation with Vib- 
rio fetus resulted in growth of the micro- 
organism in the allantoic fluid and death 
of 12-day-old* and 7- to 9-day-old® chicken 
embryos. 

Critical studies of the lesions produced 
by V. fetus have been hindered by the de- 
terioration which usually occurred in the 
conceptus prior to actual abortion and the 
lack of suitable laboratory animals. This 
study was undertaken to determine the 
feasibility of using embryonating hen eggs 
for this purpose and to describe the lesions 
produced. 


MATERIALS AND METHODS 


The culture of V’. fetus was isolated from the 
abomasal contents of a bovine fetus aborted at an 
estimated three to three and one-half months after 
The tube agglutination test on the 
dam’s serum was positive in the 1: 200 dilution 
(Plastridge et al."). Histopathological changes 
typical of vibriosis occured in the fetal membranes 
(fig. 1). 

The organism was maintained in semisolid thiol 
medium for month." The 
original egg passage was prepared by 
ing the organism in semisolid thiol medium at 
37 C. for five days; aspirating the zone of multi 
plication; suspending this material in a diluent 
consisting of 0.1 per cent tryptose and 0.5 per 
cent sodium chloride in distilled water; separat 
ing the microérganism from the culture medium 
by differential centrifugation; and standardizing 
the suspension to the number six tube of the Me- 
Farland nephelometer. 

Inoculum for control eggs of the original pas 
sage consisted of sterile incubated thiol medium 
treated in a similar manner. 


conception. 


one inoculum for the 


incubat 
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Inoculums for subsequent passages consisted of 
allantoie and fluids obtained from in 
jected eggs. All inoculums checked for 
purity in thiol medium. 

Embryonating eggs 
the sixth, seventh, eighth, ninth, eleventh, twelfth, 
and fourteenth day of incubation in the following 
manner. At the mark 
made on the shell over the embryo about 6 mm. 
above the 


amniotic 
were 
chicken 


were injected on 


time of candling a was 
base of the air cell. A 1- by 3-mm. 
groove was drilled through the shell at the mark 
with a small The egg 
racked with the groove up and the long axis in a 
horizontal plane. A 26-gauge fitted to a 


ecarborundum wheel. was 


needle 


Fig. 1—Arterial lesion in the bovine feta! pla- 
centa. Note the pyknotic nuclei of endothelial 
cells and leukocytes. Macrophages have infil- 
trated the area. x 550. Hematoxylin-eosin stain. 
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tuberculin syringe was inserted through the groove 
in a horizontal plane for a distance of about 2 em. 
before 0.1 ml. of inoculum was slowly deposited. 

All inoculated eggs gross 
lesions. Tissues, selected at fixed 
in Zenker’s solution and stained with hematoxylin 


were examined for 


random, were 
and eosin. 
RESULTS 
Mortality.—During the 23 serial pas- 
there were 184 deaths (84.01 per 
cent) in the 219 embrvonating chicken 


sages, 


TABLE i—Percentage of Total Mortality Oc- 
curring at Intervals Following Inoculation 


Percentage 
24-hour periods of total mortality 
1 7.94 
2 25.00 
3.70 
1 


Over 6 


Total 


eggs inoculated with virulent material. 
The peak mortality occurred during the 
third 24-hour period following inoculation 
(table 1). There were six deaths (15.79 


per cent) in the 38 inoculated control eggs. 
The deaths occurred within a 48-hour pe- 
riod following injection and two-thirds of 


TABLE 2—JInfluence on Mortality of Serial 
Passage and Age of Embryo at Inoculation 


Age of 


> 
embryo at Percentage 


inocula Number of eggs of mortality 


tion Experi 
(day) mental 


Experi 


Control mental Control 


12 5 16.6 20.0 
12 


Eaes INOCULATED WITH 


Viprio Ferus 


Fig. 2— Arterial lesion in the chorioallantoic 

membrane of a 14-day embryo inoculated on 

eleventh day of incubation (ninth passage). 
x 550. Hematoxylin-eosin stain. 


these occurred within the first twenty-four 
hours. 

The mortality in the eggs 
with virulent material was more uniformly 


inoculated 


TABLE 3—JInfluence of Age of Embryos at 
Time of Inoculation on Mortality 


Experimental Eggs Control Eggs 


Number 
Number of 


inoculated 
Number of 


deaths 


119 
ct ~y 
Ye 
| 
‘ 
» 
al 
3.25 
a 
~ 
¢ “an 
Passage 
1 7 
3 12 7 2 71.4 0.0 
4 7 12 4 100.0 50.0 
5 1 9 4 100.0 50.0 
6 12 ; 100.0 0.0 
7 1 2 2 100.0 0.0 
4 100.0 0.0 
9 1 2 ; 100.0 0.0 
10 4 100.0 0.0 
11 6 2 100.0 0.0 
i2 12 } 1 66.6 100.0 
14 12 11 54.5 bey 
14 0.0 2 >, 
17 11 87.5 
; 18 8 . 100.0 6 12 12 100.0 ‘ 
19 11 7 28.5 7 40 36 90.0 17 } 17.6 
20 11 8 ‘ 87.5 s 53 52 98.1 ; 0 0.0 
21 6 8 100.0 ; y 18 15 83.3 6 0 0.0 
14 lz 100.0 ’ 11 51 5 68.6 5 0 0.0 
22 11 12 27.2 12 0 22 73.3 7 ; 42.9 
23 16 93.8 14 15 12 80.0 
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high during the first 13 passages and in 
the eggs inoculated before the eleventh day 
of incubation (tables 2 and 3). 

Gross and Microscopic Lesions.—The 
chorioallantoic membranes of infected eggs 
showed varying degrees of infiltration of 
macrophages, mesenchymal cell prolifera- 
tion and hemorrhage in the mesoderm. A 
tendency for macrophages to adhere to the 
endothelial lining and infiltrate the walls 
of arterioles was noted. Macrophages com- 
pletely blocked the lumen of a few arteri- 
oles. Pyknosis or karyorrhexis were noted 
in the nuclei of some endothelial cells (fig. 
2). Nonspecific lesions, which were less in- 
tense in the inoculated control eggs, con- 
sisted of ectodermal and entodermal pro- 
liferation, degenerative changes in the 


ectoderm, edema, heterophilic infiltration, 
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and islands of epithelial cells in the 
mesoderm. 

The liver was usually enlarged, often 
congested, and showed varying degrees of 
mottling due to the presence of cireum- 
scribed, lightly colored, often slightly de- 
pressed areas. Pyknosis of parenchymal 
cell nuclei was noted when congestion was 
marked. Mobilization of macrophages and 
enlargement of Kupffer were ob- 
served. One large area of and 
hemorrhage was separated from more nor- 
mal tissue by an ill-defined zone of maero- 
phages and proliferating fibroblasts. Small 
focal areas of necrosis, without leukocytie 
response, occurred in other instances. 

Varying degrees of renal enlargement 
and Maero- 
phages were increased in the interstitial 


cells 


necrosis 


congestion were observed. 


Fig. 3—Glomerulus of a 14-day embryo inoculated on the eighth day of incubation, which 

is approximately twice normal size. Note engorgement with blood and fibrin in capillary 

tuft, also cellular debris in subcapsular space (twenty-third passage). x 550. Hema- 
toxylin-eosin stain. 
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tissue; and macrophages, 
erythrocytes, and cellular 
present in the lumins of convoluted tu- 
bules. Glomerular enlargement (two to 
three times normal) apparently was due 
largely to engorgement with blood. How- 
ever, fibrin, vascular endothelial cell pro- 
liferation, and pyknosis, together with in- 
filtration of macrophages, were observed 
in the capillary tufts. Macrophages, des- 


heterophils, 
debris were 


quamated glomerular epithelial cells, het- 
erophils, multinucleated cells, and eryth- 
in the subcapsular 


rocytes were present 


(fig. 3 

Splenomegaly was often the only lesion 
observed in embryos surviving the infee- 
tion. Gradations in size of the spleen up 
to four times normal were 
tion and diminution in prominence of re- 
ticular elements were common. Necrotic 
foci, germinal cell proliferation, and no- 


spaces 


seen. Conges- 
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increased numbers of macro- 
and heterophils were sometimes 


ticeably 
phages 
seen. 

Some degree of a generalized congestion 
of the embryo was almost invariably pres- 
ent. Petechiae and ecchymoses were com- 
mon in the cutaneous tissues, especially of 
the extremities (fig. 4). Other lesions often 
observed were hemorrhages in the wall of 
the gizzard, pulmonary congestion, and 
ascites. Hemorrhages in the lungs, brain, 
and epicardium were less prevalent. 

In general, the lesions in the infected 
eggs were more numerous and more severe 
during the third and fourth 24-hour period 
after injection. 


DiIscUSSION 


The pathogenicity of a culture of V. 
fetus for embryonating chicken eggs was 
indicated by an 84.01 per cent mortality 


Fig. 4—Infected and normal embryo on the fifteenth day of incubation. The infected em- 


bryo (left) was inoculated on the eleventh day of incubation. 


Note the enlarged, con- 


gested, and mottled liver, enlarged spleen (2 times normal size), and kidneys, ecchymosis 
on gizzard, and congested extremities (seventeenth passage). 
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and 3.6 per cent hatchability obtained in 
219 eggs in 23 serial passages of the 
organism. 

A constant volume of 0.1 ml. of inocu- 
lum was used, but the number of organ- 
isms varied. The amniotic and allantoic 
fluids possessing the largest number of ac- 
tively motile organisms per microscopic 
field were selected for passage. The per- 
centage of mortality varied from 93.5 in 
eggs incubated less than eleven days at the 
time of inoculation to 70.4 for 11- and 12- 
day embryos. Usually death of the younger 
embryos occurred prior to the production 
of lesions other than hemorrhage and gen- 
eralized congestion. Use of eggs at differ- 
ent periods of incubation, variable num- 
ber of organisms per injection, method of 
inoculation, and random destruction prior 
to hatching affected the total and percent- 
age of mortality obtained in each passage. 
However, the higher and more uniform 
mortality rates in the first 13 passages, and 
the apparent increased number and sever- 
ity of lesions in the last ten passages indi- 
cated a possible adaptation or reduction in 
virulence of the organism. 

Vaccination of calves under 1 year of 
age with live suspensions of V. fetus has 
been tried, but evaluation of the results 
has not been completed.'® If V. fetus loses 
its pathogenicity but retains its immuniz- 
ing properties by adaptation in embryo- 
nating chicken eggs, the possibilities for its 
use in the vaccination of mature cattle and 
sheep are obvious. 

Smith*® observed bacteria resembling 
vibrios in vascular endothelial cells of the 
bovine fetal placenta. Bacterial stains 
were not used in this study, but the gener- 
alized congestion, edema, and hemorrhage 
suggested endothelial cell damage. In a 
few of the embryos that survived the in- 
fection for at least three days, glomerulitis 
and arteriolar lesions in the chorioalian- 
toic membranes were further evidence of 
endothelial cell damage by V. fetus. The 
arteriolar lesions in the chorioallantoic 
membranes were strikingly similar to those 
described by Smith ef al.° in the bovine 
fetal placenta. 

Focal necrotic areas were produced in 
the livers of chicken embryos infected with 
V. fetus isolated from a bovine fetus. Al- 
though focal areas of necrosis have not 
been described in aborted bovine fetal liv- 
ers, V. fetus has caused such lesions in pre- 
mature lambs.’ Species differences and 
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occurrence of bovine abortions nearer term 
could account for this difference in mani- 
festations of the disease. 


SUMMARY AND CONCLUSIONS 


1) Vibrio fetus was propagated through 
23 serial passages in embryonating chicken 
eggs and its pathogenicity for this host was 
confirmed. 

2) The production of arteriolar lesions 
in the chorioallantoic membranes of  in- 
fected embryos similar to those in the bo- 
vine fetal placenta demonstrated the suita- 
bility of embryonating chicken eggs for 
studies of lesions caused by V. fetus. 

3) The arteriolar lesions in the chorioal- 
lantoic membranes and the glomerulitis il- 
lustrated the pathogenicity of V. fetus for 
embryonic vascular endothelial cells. 

+) The tissues and organs most gener- 
ally affected by the organism were chorio- 
allantoic membrane, cutaneous 
liver, kidney, spleen, gizzard, and brain. 


tissues, 


References 


1 Report of the Departmental Committee Appointed by 
the Board of Agriculture and Fisheries to Inquire into 
Epizoétic Abortion. Part I. Epizoétic Abortion in Cattle 
Eyre and Spottiswoode, Ltd., London, 1909 

*7McFadyean, Sir John (Chairman) Report of the 
Departmental Committee Appointed by the Board of Ag 
riculture and Fisheries to Inquire into Epizoétic Abor 
tion. Part III. Abortion in Sheep. Eyre and Spottis 
woode, Ltd., London, 1913 

* Smith, Theobald: Spirilla Associated 
the Fetal Membranes of Cattle (Infectious 
Exptl. Med., 28, (1918): 701-720 

*Smith, Theobald, and Taylor, Marian S Some Mor 
phological and Biological Characters of the Spirilla (Vib 
rio Fetus) Associated with Disease of the Fetal Mem 
branes of Cattle. J. Exptl. Med 30, (1919): 299-312 

* Smith, Theobald: The Etiological Relation of Spirilla 
(Vibrio Fetua) to Bovine Abortion. J. Exptl. Med., 30, 
(1919): 313-323, 

* Smith, Theobald, Little, Ralph B., and Taylor, Marian 
S.: Further Studies on the Etiological Role of Vibrio 
Fetus. J. Exptl. Med., 32, (1920): 683-689 

‘Smith, Theobald: Further Studies on the Etiological 
Significance of Vibrio Fetus J Exptl. Med., 37, 
(1923): 341-356. 

Plastridge, W. N.., 
Fetus Infection ir 
89-95, 


with Disease of 
Abortion) J 


and Williams, L. F Observations 
on Vibrio Cattle J.A.V.M.A., 102, 
(1943): 

* Jansen, J., and Kunst, H On the Egg as a Culture 
Medium for Vibrio Fetus. Tijdschr. Diergeneesk., 76, 
(1951) 778-780. (As abstracted in J.A.V.M.A., 119, 
[1951]: 460.) 

’ Plastridge, W. N., Williams, L. F., and Petrie, 
Dorothy: Vibrionic Abortion in Cattle. Am. J. Vet. Res., 
8, (1947): 178-183. 

™ Huddleson, I. Forrest: A Satisfactory Medium for 
the Isolation, Cultivation, and Maintenance of Viability 
of Vibrio Fetus (Bovine). J. Bact., 56, (1948): 508 

” Wilson, J. B.: Written communication, 1949 

% Plastridge, W. N.: Vibriosis in Cattle. University of 
Pennsylvania Bull. Vet. Exten. Quart. 122, (1951) 
67-73 

% Baker, D. W., and Stone, W. 8.: A Study of Spiril 
lum Ovis Infection in a Group of Ewes Maintained Un- 
der Observation for Two Lambing 
Cornell Vet., 29, (1939) 


Successive Seasons 


82-34 


Studies in Avian Neoplasia. II. Incidence of Rous Virus- 
Neutralizing Antibodies in Serums Collected 
from Flocks Experiencing Losses Due to 
Lymphomatosis 


SAM G. KENZY, D.V.M., M.S., Ph.D., and P. V. NEUZIL, D.V.M. 
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AVIAN NEOPLASTIC diseases are responsible 
for losses of major economic importance to 
the poultry industry. Winston® attributed 
a loss of over $60 million to fowl lympho- 
matosis alone. Even with the present con- 
trol methods which are based on the rear- 
ing of chicks in isolation and careful 
selection of breeding stock, some flocks still 
suffer significant losses due to this disease. 
Such observations tend to incriminate the 
egg as one of the sources of the agent * 
which causes lymphomatosis.'*:** More re- 
cently Cottrall et al.’* have shown that fil- 
trates of embryos harvested from eggs laid 
by apparently normal hens produced vis- 
ceral lymphomatosis (VL) when inocu- 
lated into susceptible chicks. If some 
method could be developed for the detec- 
tion of carrier hens, further 
might be realized in reducing the incidence 
of this disease. 


progress 


Cottrall and Winton™ referred to Duran 
Reynals’ observation of Rous-neutralizing anti 
bodies (RNA) in the serums of chickens with 
fowl lymphomatosis, and suggested that the Rous 
virus neutralization (RVN) test be critically ex 
amined in an attempt to study the relationship of 
the Rous sarcoma to lymphomatosis. 

Rous-neutralizing antibodies have been observed 
in the serums of apparently normal chickens by 


numerous workers (Carrel,”” Fischer, Andrewes,?* 


Des Ligneris," MeMaster et al.,” 


Sittenfield et al.,* 
P The earli 


Amies,' Duran-Reynals,"” and Carr"). 
est report which correlated tissue pathology with 
the presence of RNA was that of Andrewes* who 
found no demonstrable RNA in the serum from a 
bird spontaneous 
coma or in the serums of 2 hens with angiosar 
the neck. According to Winton™ RNA 


with a large round-eelled sar 


comas on 
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Some of the material in this report was taken from a 
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have been detected in serums of a group of 
chickens (line 15 of the Regional Poultry Research 
Laboratory) which experienced a 54 per cent loss 
due to fowl lymphomatosis. In serums from iso 
lated stock of the same line there were no RNA. 
However, these antibodies developed in isolated 
birds of line 15 when inoculated with lymphoid 
tumor extracts. 

The objective of the present study was directed 
toward a clarification of the relationship between 
fowl lymphomatosis and the Rous sarcoma. 


MATERIALS AND MPTHODS 


Both serums and tissues were usually collected 
from chickens submitted by flock owners and vet 
erinarians. Some of these flock histories were 
made available by the attending veterinarian. 
Otherwise, the observations of the owners were 
utilized in an attempt to evaluate the extent of 
losses due to fow! lymphomatosis. Birds were ob 
tained from a number of flocks which experienced 
losses of varying severity due to this disease. 

Flock 454,—Pullets hatched in March, 1950, 
(White Leghorns) began to die within six months. 
The owner reported that the dead birds exhibited 
greatly enlarged livers. Three of the 4 birds sub 
mitted in September for examination had typical 
gross and microscopic visceral lymphomatosis. A 
loss of cent reported by late 
October, 1950. 

Flock 494,.*—A 500 out of 2,000 hens 
occurred since laying began. Many of the affected 
birds showed symptoms and changes suggestive of 
The 3 affected birds submitted 
for postmortem examination exhibited gross and 


over 20 per was 


loss of 


lymphomatosis. 


microscopic lesions of lymphomatosis. 

Flock 526.—In White Leghorn pullets hatched 
in March, 1950, neural lymphomatosis 
served in July and August, while ocular cases were 
first August. 


was ob 


noted in Losses from the viscera) 
type began to appear in October and continued 
during the winter. After further culling for emae 
iated birds ocular lesions, about 330 of the 
original 680 pullets were left. Four birds were 
submitted for examination. Ocular lymphomatosis 
was present in 3 of these birds, 

Flock Q-1.—Pullets hatched in February, 1950, 
(New Hampshire-Leghorn cross) began to die in 
early September from visceral lymphomatosis. Re 
moval of culls and dead birds had reduced the 


and 


* Birds and flock history were made available through 
Dr. W. P. Switzer, lowa Veterinary 
tory, Ames. 


Diagnostic Labora 
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laying flock by 30 per cent. Thirty of these hens 
were purchased in October, 1950, and transferred 
to the Veterinary Research Institute for observa- 
tion and determination of RNA. In October, 1951, 
the survivors of the birds brought to the labora- 
tory were killed and tissues saved for microscopic 
examination. 

Flock Q-2.—-Two New Hampshire Red hens, 18 
months old, were obtained from a flock of 310. 
No losses due to lymphomatosis had been observed 
in this flock. 

Flock Q-38.—A flock of 110 pullets (Barred 
Rock-New Hampshire Red cross) were hatched in 
March, 1950. Ocular cases were observed in the 
flock by late September, while the visceral form 
had been observed in 1 bird. Serums were col 
lected at various intervals from three ocular cases 
transferred to the Veterinary Research Institute. 
A loss of about 10 per cent after housing was re 
ported by October, 1951. 

Flock Q-4.t—From a flock of New Hampshire 
Reds with less than a 5 per cent loss due to the 
lymphomatosis complex, 16 culls and birds exhibit 
ing different form of lymphomatosis were made 
available for this study. 

Flock Q-5.—Only an occasional fowl 
lymphomatosis (<1 per cent) was observed in this 
flock of New Hampshire Red hens. Two birds ex 
hibiting the osteopetrotic form of this disease 
were submitted for examination. 

Flock Q-6.—An inbred flock of 550 White Leg 
horn hens and roosters were maintained as a 
source of experimental birds and fertile eggs at 
the Veterinary Research Institute. Normal chick 
ens, as well as those exhibiting different types of 
lymphomatosis or symptoms of other diseases, 
bled to obtain serums for the RVN test. 


ease of 


were 


+t Birds and flock history were made available through 
Dr. R. W. Getty, Department of Veterinary Anatomy, 
lowa State College, Ames. 
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Hens and roosters from the hatches of 1948, 1949, 
and 1950, bled during 1950 and 1951, 
cluded in this study. Gross and microscopie exam 
inations of birds from flock Q-6 indicated that 
there was less than a 4 per cent incidence of this 
disease. 

Flock Q-?7.—Three New Hampshire Red pullets, 
hatched in June, 1950, were selected from a flock 
of 453 birds. A White Leghorn raised 
with these pullets was also transferred to the Vet 
erinary Research Institute. 
from these birds at various intervals for the RVN 
test. The pullets from this flock experienced a 17 
per cent loss due to lymphomatosis by the end of 
the laying season in 1951. 

Flock Q-8.—Thirty-two White Leghorn roosters, 
sibs of the pullets in flock 526, and raised with 
the New Hampshire Red pullets in flock Q-7, were 
bled. About 7 per cent of this group died of VL 
by the end of the breeding season in 1951. 

The RVN test, as Duran 
Reynals™™ and modified by Kenzy,” was used to 
determine the presence and quantity of RNA. 

Diagnoses were determined through both gross 
and microscopic tissue changes based on Feldman 
and Olson’s discussion of 
eases.” When no 
changes were observed, a 
lymphomatosis was based on the presence of large 
vesicular lymphocytic cells within a definite focus 
of lymphoid cells. In the field, 
based on the gross tissue changes. 
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RESULTS AND Discussion 


There does not appear to be any correla- 
tion between the type of lymphomatosis or 
its presence with the appearance of RNA, 


when data from all the various flocks in 
table 1 are compared. However, in the 


TABLE 1—Incidence of Rous-Neutralizing Antibodies in Serums from Neoplastic and 
Non-neoplastic Birds Collected from Different Flocks with Variable Losses Due to 
Lymphomatosis 


Number of Rous Serums * 


other VL* 


| 


RNA = Rous-neutralizing antibodies. 
«Serums with RNA present. © Serums with 
4 Ocular lymphomatosis. Visceral lymphomatosis. 


Number of Rous ( 


no demonstrable RNA 


Total Culls 

) Serums” No and 
tested deaths * 
% 


other NL OL VL 


» 20 


13 


present. © Neural lymphomatosis 


Refers to losses which occurred after the birds are 


about 5 months of age. * Twenty-six per cent more of the 30 birds transferred to the laboratory died within 


a year because of neoplasms, ™ None reported 


Flock 
454 2 2 = 
526 2 1 1 2 9 48 
Q-1 4 14 5 1 6 18 12 208 
2 
1 2 1 2 10 
1 7 5 3 16 5 
2 2 <1 
8 2 2 } 115 6 4 13 15 138 4 
2 1 17 
4 25 4 25 7 
| | 19 2 5 22 151 13 m 22 48 199 


AM. J. Ver. REs. 
JANUARY 1953 


flocks where severe losses due to lympho- 
matosis occurred, there was a high inei- 
dence of RNA (454, 494, 526, and Q-1). A 
few serums from flocks which experienced 


TABLE 2—The Occurrence of Gross and Micro- 

scopic Lymphomatosis and Other Neoplasms 

in Relation to the Presence of Rous-Neutraliz- 
ing Antibodies in Flock Q-1 


Number Number 
of of 
Rous (+) Rous (—) 
serums* serums” 


Total 


Gross VL°* 
Micro. L (+)4 14 
Micro. L ( ye 

Mixed L and CT tumors’ 3 
Total birds bled 18 
Other tumors 


we 


RNA 

* Serums with RNA present 
strable RNA. © Visceral lymphomatosis 4 Microscopic 
lesions of lymphomatosis present. * No microscopic le- 
sions of lymphomatosis present. ‘ Neoplastic lymphoid 
and connective tissue cells. * Three of these died of in 
juries. No tissue examination carried out. 

*Embryonal nephroma present ** Cystadenoma of 
the ovary in one bird and an ovarian carcinoma in one 


= Rous-neutralizing antibodies. 
>» Serums without demon 


minimal losses due to this disease contained 
RNA (table 1, Q-3, Q-6, Q-7, and Q-8), 
while no neutralizing antibodies were dem- 
onstrated in some of these flocks (Q-4, Q-5, 
table 1). Twenty-three birds from flock 
Q)-6 and 1 chicken from flock Q-1 (table 1) 
exhibited lymphomatosis without 
RNA being observed in the serums. 

About one-third of the birds (table 2) 
with only microscopic lesions of lympho- 
matosis failed to have demonstrable RNA 
in their serums. Rous-neutralizing anti- 
bodies may be found in the serums of birds 
which were observed to be apparently 
grossly and microscopically normal (flock 
()-6, table 1; flock Q-1, table 2). One 
chicken (Q-46, table 4) lost the RNA pres- 
ent in the serum a short time before death 
due to visceral lymphomatosis. This may 
be explained by the report of Parfentjev 
and Duran-Reynals,*' who found that eu- 
globulin of the serum, in birds dying of 
Rous tumors, was definitely decreased so 
that the agglutination titer for Proteus or- 
ganisms present in the original Rous tumor 
inoculum was reduced. Some of the Rous- 
negative findings in the 23 birds from flock 
Q)-6 (table 1) referred to above may be 
similarly explained. 

The 40 per cent Rous-negative birds in 
flock Q-1 may be refractory to the connec- 
tive tissue tumor agent or the antibodies 


gross 
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may have disappeared from the blood 
stream. Since some birds lose the RNA in 
their serums after a period of time (table 
4, Q42, Q44, S8), it may be a question of 
collecting serum at the proper age of the 
bird. An occasional Rous-negative bird 
will become Rous positive (table 4, 815). 
Andrewes*® has observed a control bird 
which developed RNA at the age of 3 
months. Serums of birds S17 and 825 
(table 4) exhibited rather typical consist- 
ent serological properties over periods as 
long as a year. 

In view of the high incidence of the 
RNA in flock Q-1 (table 2), it is surprising 
that only 5 connective tissue tumor cases 
were found. These 5 birds also exhibited 
lesions interpreted as indicative of lym- 
phomatosis. Rous-neutralizing antibodies 
were always observed in serums from 2 of 
these birds with myxosarcomas and 1 with 
a fibroma bled three to four times over 
periods of six to twelve months. The neu- 
tralizing antibodies were never observed in 
two to three serum specimens collected 
from 2 of the birds with fibromas. One of 
these chickens died of an impacted oviduct 
after four months of observation. Small 
hepatic foci were also present. The other 
bird died after a six-month observation 
period with a neoplastic ovary and trans- 
planted visceral tumors. 

The variety of neoplasms in flock Q-1 
(table 2) may suggest that the genetic pat- 
tern of this flock favored neoplastic sus- 
ceptibility, particularly to both lymphoid 
and connective tissue tumor agents. There 
appears to be no evidence, however, that 
genetic resistance to the latter group is an 
indication of a similar resistance to the 
lymphoid tumor group. Cole’? and Win- 


TABLE 3—The Incidence of Rous-Neutralizing 
Antibodies in Relation to the Deaths Due to 
Neoplasms in Flock Q-1 


Live Live 
birds birds 
Oct Oct., 
1950 1951 


Gross 
VLe 
(%) 


Deaths 
due to 
neoplasms 


Rous (+)* 1 ‘ 4” 16 
Rous (—)* 12 f 4¢ 16 
‘otal 8 


RNA Rous-neutralizing antibodies. 

* Serums with RNA present. ” Visceral lymphomatosis 
was observed in 3 birds and a myxosarcoma in one 
* Serums without demonstrable RNA. 4 Visceral lympho 
matosis was observed in 2 birds, an ovarian carcinoma 
in 1, and an ovarian cystadenoma in 1. * Visceral lym 
phomatosis 
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21 

6 

5 

I 
3 


126 


ton’’® based their observations on families 
inoculated with connective tissue agents, 
which may not parallel the results ob- 
tained from natural transmission studies. 
Although Rous tumors failed to develop 
in birds which died of VL within sixty 
days (unpublished data) and Winton 
has referred to the blocking effect of a 
lymphomatosis tumor extract on the Rous 
virus, both connective tissue and lymphoid 
tumor foci were observed in 5 birds (table 
2). 
An embryonal nephroma was observed 
in 1 of the birds with gross visceral lymph- 
oid jesions. Microscopie evidence of lym- 
phomatosis was observed in a bird with a 
cystadenoma of the ovary but not in one 
with an ovarian carcinoma (table 2). 
About 26 per cent of the 30 birds in 
flock Q-1 (table 3) died of neoplasms after 
the chickens were transferred from the 
farm to the laboratory. Twenty-two per 
cent of the birds with RNA in their serums 
died of neoplasms, while 33 per cent of 
those without RNA died of 
Gross VL appeared in 16 per cent of the 


neoplasms. 
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birds in each of the Rous-positive and 
Rous-negative groups. Twice as many 
birds with RNA exhibited microscopic le- 
sions of lymphomatosis as did the birds 
with no demonstrable neutralizing anti 
bodies (table 2 In an attempt to inter 
pret the findings obtained from flock Q-1 
(tables 1, 2, 3), we should keep in mind 
that the history of this flock indicated a 30 
per cent loss associated with lymphomato- 
sis. Actually we are studying a_ selected 
flock of survivors. 

This high RNA in flocks 
where severe losses due to lymphomatosis 
have occurred may suggest an antigenic 
relationship to the Rous sarcoma. Many of 
the connective tissue tumor agents appear 
to be antigenically related. However, no 
report of such a relationship to the lymph- 
oid tumor agent has been shown. Cottral 
and Winton * and Winton * discussed the 
possibility of such a relationship.* Some 


incidence of 


* Since the manuscript was prepared, Duran-Reynals 


and Bryan inpublished paper 


have suggest n ar 


made available to the author, that mphomatosis viruses 


might vary into sarcoma viruses and vice versa 


TABLE 4—Rous-Neutralizing Antibody Levels Present in Chickens over a Period of Time 


Bird NR and 


No. Date bled 
Q42 10- 1-50 
10-28-50 
12-51 
3-51 


1-50 
28-50 
2-26-50 


12-51 


* Neutralization reaction and serum dilution 
of serum. 
f Microscopic lesions of lymphomatosis observed 


MIDs” 


> Minimal infective doses 
4 Indexes of 0.0 to 2.0 are positive for neutralization of Rous virus 


NDs ml 
serum 


History and 


patholog Vv 


Tumor 
index 
79.000 0.0 


1,020 0.0 


died 9-4-51 


ovarian carcinoma 


5.200 
1,400 
2.800 
micro. (+) 


myxosarcoma 


© Neutralizing doses per ml 
¢ Visceral lymphomatosis 


* No microscopic lesions of lymphomatosis observed 


+-1:100 79.0 
+1:4 25.0 
1:3 12.5 2.4 
1:2 213.0 tf 
1 1:4 790 
l +1:4 25.0 1.020 
1 +1:4 12.5 500 10 
1:4 12.5 1.0 
Q46 10- 1-50 1:4 79.0 10 
10-28-50 +1:4 25.0 1.020 1.4 
12-20-50 1:4 12.5 4.0 died VL®* 1 0-54 
Sa 10- 7-50 130.0 5,200 0.0 
10-28-50 +1:4 35.0 1.400 0.0 
$-14-51 1:4 140.0 
10- 3-51 1:2 213.0 3.2 micro. (+)¢ 
815 10- 7-50 1:4 130.0 1.0 
10-28-50 1:4 15.0 4.0 
3-14-51 1:2 140.0 26 
10- 3-51 +1:2 213.0 0.4 micro. L 
S17 10- 7-50 1:4 130.0 10 
10-28-50 1:4 15.0 1.0 
3-14-51 1:2 140.0 1.0) 
825 10- 7-50 +1:4 130.0 
10-28-50 +1:4 35.0 
3-14-51 +1:2 140.0 
10- 3-51 +1:2 213.0 
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of the other tentative explanations should 
include: (1) coneurrent infections of the 
lvmphoid tumor agent group and the con- 
nective tissue tumor agent group, obtained 
through the egg, from infected eggs at the 
time of hatching or through contact with 
infected older birds; (2) a synergistic re- 
lationship between lymphoid and connec- 
tive tumor agents, which is ex- 
pressed high incidence of visceral 
lvmphomatosis; and (3) the neoplastic po- 
tentialitvy of the connective tissue tumor 
agent group to attack the 
lymphocytic series. 

Many investigators**? have empha 
sized the possibility of tumor 
agents being present in an avian popula- 
tion. The review of Claude and Murphy," 
the reports of Stubbs and 
Furth, Furth, Duran-Reynals and 
Shrigley,*’ and Burmester et al.,° further 
emphasize the widespread distribution of 
tumor-producing viruses in chickens. The 
production of typical visceral lymphoma- 
tosis by 


tissue 
by a 


precursors of 


several 


as well as 


cell-containing preparations of 
two myxosarcomas and by a cell-free ex- 
tract of one may further support this con 
cept of concurrent infection (unpublished 
findings 

SUMMARY 

1) Over 60 per cent of the serums from 
field flocks with 30 to 
due to fowl lyvmphomatosis contain Rous- 
neutralizing (RNA). 

2) Where losses due to fowl lymphoma- 
tosis are less than 5 per cent, the incidence 
of RNA is less than 10 per cent, while no 
antibodies have been demonstrated in 
serums from some of these populations. 

3) The incidence of RNA appears great- 
est in birds with the visceral type of lym- 
phomatosis. These antibodies have 
been observed in serums from eases of ocu- 
lar and neural lymphomatosis but not 
from those of the osteopetrotic type. 

4) Rous-neutralizing antibodies were 
observed in birds which were observed to 
be grossly and microscopically normal. 

5) Rous-neutralizing antibodies were 
present in three of the five serums from 
birds with both connective and 
lvmphoid neoplasms. 

6) The presence of RNA did not appear 
to influence further loss due to neoplasms, 
over the period of a year, in birds taken 
from a flock with a history of 30 per cent 

loss due to lymphomatosis. 


50 per cent losses 


antibodies 


also 


tissue 
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Studies on the Developing Chicken Embryo with the Use of 
Radioactive Phosphorus. |. Uptake of P” by the Body and 
Selected Tissues of the Chicken Embryo Between 
the Ninth and Nineteenth Day of Incubation 
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RADIOACTIVE PHOSPHORUS is useful in the 
study of growth since phosphorus is widely 
distributed in the body and, therefore, is 
incorporated through numerous metabolic 
paths into newly formed tissues. Phos- 
phorus is found in an inorganic combina- 
tion in the bones and teeth and in an inor- 
ganic mobile state in the blood. It is repre- 
sented in organic combination in the major 
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expresses his 


groups of compounds of the body; in lipids 
in the form of phospholipids; in proteins 
in the form of phosphoproteins and the 
nucleic acid portion of nucleoprotein; and 
in carbohydrates in the form of phos- 
phorus-monohexose combinations. These 
are the substances from which new tissues 
are formed. The following report deals 
with the uptake of radioactive phosphorus 
by the developing chicken embryo as com- 
pared to the growth of the body and se- 
lected organs. 

Hevesy, Levi, and Rabbe* appear to have been 
the first to utilize the isotope technique to the 
study of the developing chick. By injecting radio- 
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Fig. 1—The incorporation of radiophosphorus in the bodies of two groups of developing 
chicken embryos as compared to weight grams. 
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active inorganic phosphate into fertile eggs and 
analyzing the whole embryos for organically 
bound radioactive phosphate at selected intervals 
during incubation, these workers were able to dem- 
onstrate that the embryo synthesized organie 
phosphate compounds from inorganie PO,. Dixon* 
studied the distribution of radioactive phosphorus 
in the whole embryo and the various fluid com 
partments of the egg. Branson, Brooks, 
Piper® studied the order of utilization of 
phorus compounds by the chicken embryo. 
ken* studied the effect of 
transport of phosphorus in fertile and infertile 
eggs. Taylor and Saenz"* utilized the isotope 
technique to study the effect of influenza virus 
upon the developing embryo, and Warren and 
Dixon” have studied the effeets of continuous radi 
ation on chicken embryos. Graham” has used the 
chicken embryo and radioactive phosphorus in a 
study of influenza virus. 

Two papers have dealt 


and 
phos 
Wol 
temperature on the 


with the use of radio 
active phosphorus and the developing embryo in 
the study of growth and morphogenesis. Dixon * 
states that the content of radioactive phosphorus 
in the embryo increased nearly in proportion to its 
gain in weight throughout the course of incuba 
tion. Hunt and Wolken” utilized P™ embryos and 
the radioautographie technique to demonstrate iso 
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tope distribution patterns in young embryos which 
corresponded to known or suspected growth 


patterns. 


METHODS 

Radioactive phosphorus, as was in 
jected into the yolk saes of two groups of 9-day 
old chicken embryos. 
consisted of 1.24 uC. of P* 


The dose for each embryo 
for the first group and 
1.3 uC. of isotope for the second group. The isotope 
normal saline solution and 


was contained in was 


injected in 0.1-ml, quantities. Pairs of embryos 
were destroyed at intervals after injection and se 
lected 
first experiment, embryos were examined at sixty 
seven, ninety-two, 121, and 168 hours. In the see 


» » 2 


or 3 embryos 


tissues examined for radioactivity. In the 


ond experiment, eight groups of 
were examined at intervals ranging from sixty-six 
to 251 hours after injection. A total of 25 embryos 
The whole 
chorioallantoie 


was used in the two experiments, 


mem- 
branes and yolks were examined for radioactivity. 


bodies, livers, samples of 


Autopsy Procedure and Sampling Embryos 
were destroyed by chilling them in a deep freeze 
refrigerator (—10C.). The shell and shell 


brane were from a portion of the 


mem 
egg 
chorio 


removed 


and an incision was made through the 


allantoic membrane, A piece of measured glazed 
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Fig. 2—Uptake of radiophosphorus by the bodies of two groups of developing chicken 
embryos expressed as per cent of dose per gram of embryo. 
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cardboard was slipped beneath the membrane and 
a sample of the cutting 
around the The ecard 
had measured so that the 
samples of chorioallantoic membrane represented 


membrane removed by 
borders of the cardboard. 
board been previously 
4 sq. em. of the membrane. 

The embryo was then removed and the yolk 
stalk freed from the body. The yolk was placed 
in a previously weighed container. The abdominal 
cavity was opened and the liver was removed. The 
liver wrapped in wax paper of standard 
weight as a precaution against desiccation of the 


was 


The remaining portion of the body was 
weighed container. Small 
weighed on an balance 


sample. 
placed in a 
samples 


previously 
were analytical 
and larger structures were weighed by means of 
a chemical 
brated 


balance. Tissues were placed in eali 
Erlenmeyer. flasks. Each 
3 to 5 times its volume of 4 per 
cent NaOH and incubated for four to twelve hours 
at 57 C. Incubation was continued until the tissue, 
when agitated, became uniformly dispersed in the 
solution. In the 


tubes or tissue 


was immersed in 


ease of the eareasses of older 
feathers and skeletal tissues 
alkali. The alkaline 


material was decanted into separate flasks and the 


embryos, primordial 


were not dissolved by the 


residue was dissolved in a mixture of dilute nitric 


and hydrochloric acids. After the feathers and 
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bones were dissolved, the portions were combined. 
All samples were brought to volume by the addi 
tion of weak alkali solution. Duplicate samples 
of 0.5 ml. were placed on disks of lens paper which 
were in turn placed on disks of window glass. The 
a ‘*wick’’ and distributed 
the digest uniformly over an area 35 mm, in di 
ameter. The samples were dried at 57 C. 
Counting Technique.—Each sample was counted 
twice in a Geiger-Muller counter and the average 
of the four counts was taken as the determination. 
The ‘*‘background count’’ was determined for 
each sample. This method of using four separate 


porous paper acted as 


(two each of duplicate samples) has been 
satisfactory in minimizing errors in 
Furthermore, 


between 250 


counts 
found most 
since the 
ranged and 
3,000, the sum of the four counts was always 1,000 


reading and sampling. 


counts for each disk 


or more, This assured a theoretical error of some 


thing less than 3 per cent.” 

The final involved 
background, dilution, and ‘‘deeay.’’“ The data 
of this paper are expressed as percentage of in 
dose on a unit weight and whole organ 
basis. This method of expressing radiological 
data has been the one of choice of the majority of 
workers dealing with simple distribution studies. 
The data with added to the 


caleulations corrections for 


jected 


dealing liver were 
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Fig. 3—Total uptake of radiophosphorus by the livers of developing chicken embryos as 
compared to growth of the livers. 
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data of the corresponding carcasses to arrive at 
an expression of the weight and activity of the 
whole embryo before dissection. 

The determination or the radioactivity repre- 
sented by the dose was accomplished by diluting 
the administered dose with distilled water until a 
countable range was reached. Two dilutions of the 
dose were counted repeatedly over a period of 
from three to four ‘‘half-lives’’ of P”.* This 
data was plotted to form a decay curve from 
which an expression of the original dose at the 
time of injection could be obtained. Also, the de 
cay curve allowed the schematic determination of 
decay of the individual samples at the time of 
counting. This method has given results which are 
comparable to those arrived at by mathematical 
caleulations of deeay. 


RESULTS 


The results of this experiment are pre- 
sented in graphic form in figures 1 through 
7. Data from the two groups of embryos 
are expressed separately on the graphs. 

The Whole Embryo.—Figure 1 repre- 
sents the activity of the whole bodies of the 


* The half-life of radioactive phosphorus is 14.3 days 
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embryos of the two experimental groups as 
compared to their weights at autopsy. The 
two groups vary somewhat but a definite 
tendency is evident. The embryo took up 
radioactive phosphorus throughout the 
course of the experiment. The increase in 
activity nearly paralleled the growth of 
the embryo. Sixty-six hours after injection 
the embryos contained 48 per cent of the 
injected isotope. At 251 hours after injec- 
tion (19th day of incubation), the embryo 
had taken up 95 per cent of the injected 
dose. Figure 2 represents the concentra- 
tion of isotope in each gram of embryo. 
The concentration was not constant but 
rather decreased throughout the course of 
incubation. This feature indicates that 
whereas the embryo continued to receive 
isotope from the yolk, its excessive growth 
continually diluted the quantity of isotope 
retained. In one group, each gram of total 
embryo contained 11 per cent of the dose 
at sixty-six hours. At 251 hours, each gram 
contained 3.4 per cent of the dose, as re- 
vealed by figure 2. 
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Fig. 4—Uptake of radiophosphorus by the livers of two groups of developing chicken 
embryos expressed as per cent of dose per gram of tissue. 
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The Liver.—Figure 3 demonstrates that 
at sixty-six hours the livers of the two 
groups contained 1.4 per cent and 1.0 per 
cent respectively. Both groups reached a 
peak concentration of 1.6 to 1.8 per cent 
between 120 and 135 hours after injection. 
The total activity remained relatively con- 
stant after that time in spite of a sharp 
increase in the size of the liver. The result 
of the static total activity and the marked 
growth of the liver is illustrated by figure 
4 which reveals a steady decrease in activ- 
ity per unit weight. At sixty-six hours, the 
livers of the second group of embryos con- 
tained 31 per cent of the dose per gram of 
tissue. At 251 hours, the concentration had 
decreased to 3.3 per cent of the dose or a 
concentration approximately the same as 
the whole body. 

Chorioallantoic Membrane.—The activ- 
itv of the entire chorioallantoic membranes 
was not determined. Figure 5 shows the 
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activity of samples of the chorioallantoic 
membrane expressed as activity per gram 
of tissue. There was an initial high con- 
centration of 17 per cent and 9 per cent of 
the dose per gram for the two groups. The 
concentration decreased so that at 251 
hours the samples of membri.ne taken from 
group two had an activity of 2.4 per cent 
of the dose per gram. This decrease was 
probably a reflection of continued growth 
of the membrane and growth of the em- 
bryo through the course of incubation with 
the resultant dilution of concentration of 
isotope in any one tissue. 

Residual Yolk.—Figures 6 and 7 demon- 
strate the activity of the yolk through the 
course of incubation of the embryos of the 
second group. No yolk samples were taken 
in the first experiment. There was a some- 
what erratic but constant decrease of the 
concentration of isotope in the yolk. The 
decrease of isotope was more constant than 
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Fig. 5—Uptake of radiophosphorus by the chorioallantoic membranes of two groups of 
chicken embryos. 
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was the decrease in weights of the daily 
samples of yolks. The variation in the 
weights of the yolks taken in daily exam- 
inations was probably a reflection of the 
normal variation of the sizes of yolks of 
the group of fertile eggs. A major part of 
the isotope had left the yolk before the 
first observation at sixty-six hours. Only 
28 per cent of the isotope was still in the 
yolk at sixty-six hours. This condition was 
brought about by the fact that the isotope 
was injected in an inorganic form (NaH, 
PO,) which was more readily available to 
the embryo than was the organically bound 
phosphorus of the yolk. Needham ™ states 
that the major part of the phosphorus of 
the yolk of the egg is in an organic form 
and is converted to an inorganic form to be 
transported to sites of growth where it is 
reconverted to organic materials. Branson 


et al.* have demonstrated this phenomenon 
by the use of radioactive phosphorus. 


DiscussION 
Figure 8, a tabulation of percentages of 
the dose found in the bodies and residual 
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yolks of embryos on succeeding days, re- 
veals that the major portion of the dose 
was represented by these two samples. Es- 
pecially was this true after 114 hours. The 
difference between 100 per cent and the 
total activity of the embryos and yolks ex- 
amined before 114 hours might be aec- 
counted for by the rather high coneentra- 
tion in the chorioallantoic membrane. 
Furthermore, Dixon* has shown tbat 
shortly after injection the amniotie and 
allantoic fluids contain a fairly high pro- 
portion of the dose of isotope. 

The data of the two groups showed con- 
siderable variation as to concentrations of 
isotope in the various organs tested; how- 
ever, the tendencies exhibited by the two 
groups were uniform. It will be seen that 
the embryos of group one were smaller 
than those of the second group; therefore 
they may have been younger. 

There appear to be many advantages to 
the study of growth with the use of iso- 
topes in developing chicken The 
growth rate is rapid and there is no appre- 
ciable loss of inorganic materials from the 
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Fig. 7—Radioactivity remaining in the yolks of developing chicken embryos expressed as 
per cent of injected dose per gram of yolk. 


egg as there is in work with postnatal ani- 
mals which exerete the injected material. 
However, two features must be taken into 


PERCENT OF DOSE OF P32REPRESENTED BY THE 
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Fig. 8—Tabulation of data to demonstrate that 

the majority of the dose of radiophosphorus 

could be accounted for by the body of the em- 

bryo and the yolk. The feature was particularly 
evident after 114 hours. 


consideration in work with radioactive 
phosphorus in the developing chicken em- 
bryo. First, in any group of embryos there 
may be twenty-four hours of variation in 
the development of individuals of the 
group. This feature may be observed by 
comparing the hatching times of the em- 
bryos. Such a variation in development 
results in much overlapping of data from 
observation to observation since an embryo 
killed on a given day will correspond in 
development to another embryo killed on 
the preceding or succeeding days. The see- 
ond consideration is that of administration 
of the dose of isotope. The majority of 
work with radiophosphorus in chicken em- 
bryos has involved the injection of radio- 
phosphorus in an inorganic form. As 
stated above, and as described by other 
workers, this condition results in the pref- 
erential utilization of the injected phos- 
phorus in the early stages of the experi- 
mental period. Whereas the latter feature 
may be a disadvantage in tracer studies 
dealing with growth in which availability 
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of the isotope paralleling the rate of utili- 
zation of the contents of the egg by the 
embryo is desired, it may be an advantage 
in studies which attempt to utilize the 
chicken embryo as a means of tagging 
certain biologically important organic 
compounds. 

If the above factors are taken into con- 
sideration, it appears that the uptake of 
radioactive phosphorus may be used as a 
reasonably good indicator of growth ac- 
tivity. This statement would apply to 
studies of the growth of the embryo as a 
whole. In studies of single organs or tis- 
sues, another feature should be considered, 
namely, the possible reutilization of iso- 
tope deposited early in development in the 
formation of new tissues. As an example, 
when the skeleton forms a great demand is 
put on the organism for phosphorus. The 
radioactive phosphorus found in the skele- 
ton may shift from soft tissues to the os- 
seous system. This feature should be eluci- 
dated by further experimentation. 


SUMMARY 
1) Radioactive phosphorus was injected 


into the yolk sacs of 25, 9-day embryos. 
The uptake by the whole embryo, liver, 
chorioallantoie membrane and the activity 
of the residual yolk was followed from 
sixty-six to 251 hours after injection. 


2) The embryos initially took up a 
high percentage of the dose (48 per cent in 
66 hours). The total activity increased 
gradually to 95 per cent at 251 hours. The 
concentration per unit weight decreased 
through the course of the experiment due 
to the fact that the rate of growth of the 
embryo exceeded the rate of uptake from 
the yolk sac. 

3) The livers contained a rather con- 
stant percentage of the dose after 115 
hours. This occurred in spite of a rapid 
increase in the weight of the liver. At 251 
hours, each gram of liver contained about 
the same concentration of isotope as was 
found in each gram of the embryo as a 
whole. 
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4) The concentration of isotope in the 
chorioallantoic membrane was _ relatively 
high at the first part of the experiment. 
It declined through the course of the 
experiment. 

5) Analysis of the residual yolk re- 
vealed that a large part of the dose had 
left the yolk early in the experiment. The 
activity decreased throughout the course of 
the experiment; however, the decrease 
could not be correlated directly with the 
sizes of the yolks of various embryos 
examined. 

6) A major part of the injected dose of 
radiophosphorus could be accounted for in 
the yolk and the embryo, especially in the 
latter portion of the experiment. Approx- 
imately 100 per cent of the dose was re- 
covered from the bodies and residual yolks 
on the nineteenth day of incubation. 
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THE FORMATION and exchange of various 
biological compounds can be studied ad- 
vantageously in the developing chicken 
embryo because of its high rate of syn- 
thesis. With the advent of radioactive iso- 
topes as tracers, the utilization of the em- 
bryo has become even more advantageous 
in elucidating the dynamic aspects of em- 
bryonic growth. By injecting radioactive 
inorganic phosphate into eggs and then 
analyzing the whole embryos for organic- 
ally bound radioactive phosphate at se- 
lected intervals during ineubation, Hev- 
esy' was able to demonstrate that the 
embryo synthesized organic phosphate 
compounds from inorganie PO,. 

There have been no published reports 
dealing with the uptake of phosphate by 
different organs of the embryo at the ter- 
mination of incubation. The present paper 
presents analyses of selected tissues from 
newly hatched chicks, which previously 
had been exposed to radioactive inorganic 
phosphate injected into their yolk sacs. 


METHODS 

Radioactive NaH.PO,, was in 
jected into the yolk sacs of 9-day old chicken em 
bryos. The dose for each embryo consisted of 1.3 
uC. of P*, contained in 0.1 ml. of 0.85 per cent 
NaCl. Of the 9 newly hatched chicks used in this 
study 6 were hatched on the twenty-first day of 
incubation and 3 on the twenty-second day. The 
chicks were disposed of, by cervical dislocation, 
fifteen hours after hatching. Blood, liver, spleen, 
heart, collected from the first 
group of 6 animals; whereas, gizzard muscle, 
muscles from the femoral segment of the leg, and 
hearts were taken from a second group of 3 chicks. 
Yolk sacs were collected from each of the 9 chicks. 
The blotted to remove excess mois 
ture, Each individual organ was 


phosphorus, as 


and brain were 


tissues were 


and weighed. 
From the Department of Veterinary Science, Univer 
sity of California, Davis 
Present address (Cole), Biological and Medical Sci- 
Division, U. S. Naval Radiological Defense Lab 
Francisco 24, Calif. 
The radiophospherus was obtained from the United 
Atomic Energy Commission and was distributed 
by Donner Laboratory of the University of California, 
Berkeley. The authors express their gratitude to these 
organizations 


ences 


oratory, San 


States 


then divided into two weighed portions, one of 
which used for the determination of whole 
organ activity and the other portion was used for 
tissue fractionation after being pooled with cor 
responding portions from the other chicks of the 
same group. The samples were digested in 4 per 
cent NaOH at 56C, This technique has been de 
scribed in a previous communication.” 


was 


Chemical Fractionation of Tissues.—The chem 
ical fractionation method was a modification of 
that used by Tuttle, Erf, and Lawrence.*® Tissue 
samples ranged from 0.2 to 1.7 Gm. The tissue 
was reduced to a uniform paste in 2 ml. of chilled 
5 per cent aqueous trichloracetic acid. The tissue 
suspension was then centrifuged, and the super 
natant material decanted and saved. The residue 
was subjected to two additional extractions with 
2 mi. of 5 per cent trichloracetic acid. The re 
sultant extracts were combined and 
made up to 10 ml. volume with water. The acid 
soluble fraction contained inorganic phosphate, 
and organic phosphorus compounds (adenosine 
triphosphate, adenosine diphosphate, adenylic 
acid, ete.). 


acid soluble 


The residue from the acid extraction was mixed 
with 10 ml. of an ethanolethyl ether (3:1) solu 
tion, and refluxed at 60C. for one hour. At the 
end of this period, the suspension was centrifuged, 
and the aleohol-ether soluble supernatant was de 
canted. The residue was extracted twice more with 
5 ml.-portions of aleohol-ether, and the combined 
alcohol-ether washings 
made up to 25 ml, This fraction 
tained the aleohol-ether soluble phosphorus and 
consisted chiefly of phospholipids (lecithins, ceph 
alins, ete.). 

The residue from the extractions 
was mixed with 2 ml. of 4 per cent NaOH and in 
cubated at 60C. until digested. The resulting 
was transferred to a 10 mil. volu 
metric flask, and made up to 10 mi. with water. 
The phosphorus in this fraction was chiefly in the 
form of nueleoprotein. Suitable aliquots of the 
respective fractions were taken for measurement 
of radioactivity, as described previously.” 


supernatants and were 


volume, con 


aleohol-ether 


clear solution 


RESULTS 


The whole bodies of 9 chicks comprising 
this study had taken up an average of 89.7 
per cent of the inoculated radioactive P* 
at the time of hatching. The residual yolk 
saes accounted for 5.4 per cent of the dose. 
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Dixon * has reported that chicken embryos 
at the time of hatching contain about 90 
per cent of the isotope injected into the 
yolk sae on the fifth day of incubation. 
The experimental data are summarized 
in figure 1, which shows the total uptake of 


INCORPORATION OF P32 
OF ps? INTO TISSUE FRACTIONS 

(% OF TOTAL UPTAKE) 
% OF DOSE 


GMS. TISSUE | FRACTION FRACTION FRACTION 


UPTAKE AND INCORPORATION OF P52 
INTO TISSUES AND TISSUE FRACTIONS 
TOTAL 
TISSUE 


BRAIN 43.4 28 .€ 


LIVER 2 5 14.2 
HEART 5 2@.3 


BLOOD | 2 5.5 


GIZZARD MUSCLE; 2 8 10.9 


LEG MUSCLE 2.05 | 2 24.8 


Fig. 1—Uptake and incorporation of P® into 
tissues and tissue fractions of newly hatched 
chicks. 


P**, as percentage of administered dose per 
gram of tissue, and the distribution of that 
P*? within the three biochemical groups. 
The results are presented graphically in 
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figure 2. The data suggest that each tissue 


has its own characteristic uptake and utili- 
zation of the injected radioactive phos- 
phate. As an example, the brain exhibits 
the highest total P®* uptake (4.77% of 
dose per gram), and also the highest phos- 
pholipid incorporation (43.4% of the total 
P*? uptake by the brain) ; whereas, whole 
blood has a moderate P** uptake (2.51% 
of dose per gram) and a low phospholipid 
incorporation (5.5% of the total P** up- 
take by blood). Heart, leg, and gizzard 
muscle, three histologically and physiolog- 
ically distinct types of musele tissue, reveal 
individual patterns of distribution and/or 
total uptake of the tracer element. Heart 
and leg muscle (both striated) showed a 
similar distribution pattern of P** ineor- 
poration, which was quite different from 
that of gizzard muscle (smooth muscle). 
Of interest also is the relatively high in- 
corporation of P** into the phospholipids 
of chicken embryo skeletal muscle, in con- 
trast with the very low incorporation into 
this fraction previously observed by En- 
tenman ef al.® in muscle of the adult 
chicken. 

The high activity of the nucleoprotein 
fraction is noteworthy. With the sole ex- 
ception of brain, the nucleoprotein frac- 
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Fig. 2—Graphic presen- 
tation of the distribu- 
tion of radioactivity in 
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the chemical fractions 
of embryonic tissues as 
compared to the total 
activity of the tissues. 


GIZZARD 


| | 
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28.0) | 10.9 | 
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tion of all tissues studied accounted for at 
least half of the total P* uptake by the 
tissue. 

It should be pointed out that the values 
for P** uptake and distribution within the 
three biochemical fractions do not repre- 
sent the total phosphorus content of these 
fractions; rather, they repre- 
sent a resultant of several processes which 
had been going on in the particular tissue 
up to the time of hatching, that is, the up- 
take of inorganic P**, the synthesis of P**, 
containing organic compounds, and_ the 
metabolic turnover of these compounds. 


tissues and 


DiscUSSION 


The uptake and distribution of radio 
active P* by the tissues of the developing 
chicken embryo is in striking contrast to 
that in the postnatal animal. As an ex- 
ample, the brain of the intact adult rat 
shows an extremely slow uptake of circu- 
lating imorganie However, as the 
present data demonstrate, embryonic brain 
exhibits a high incorporation of the iso- 
tope. The difference is attributable to the 
fact that the embryonic brain is undergo- 
ing cell division and rapid growth, which 
involves the synthesis of constituent or- 
ganic P-containing compounds, such as 
phospholipids, nucleoproteins, and nucleo- 
tides. An additional feature presented by 
the brain in the present study is the 
high incorporation, both relative and ab- 
solute, of phosphate into the phospholipid 
fraction. 

The high value of nucleoprotein P of 
whole blood may be ascribed to the syn- 
thesis of nucleoprotein for the production 
of nucleated erythrocytes, which had been 
formed within the twelve-day period dur- 
ing which the radioactive phosphate was 
available to the embryo. The relatively 
low levels of blood phospholipid and acid- 
soluble phosphorus probably reflect the 
role of blood as a carrier of these com- 
pounds from points of synthesis to recip- 
ient such as muscle and heart. 
These considerations follow from the find- 
ings of Fishler et al.’ to the effect that the 
liver is very active in the synthesis of 
phospholipid from inorganie phosphate, 
and that the plasma phospholipids origi- 
nate in the liver. 

It would appear from the data obtained 
herein that the distribution pattern of 
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phosphorus compounds in cardiae and 
skeletal muscle can be grouped together, 
in contrast with that of gizzard muscle. 
This point merits further study since it 
suggests a possible correlation between 
structural character and metabolism or 
functional activity. 

In addition to the potential significance 
of the radioactive isotope technique for the 
elucidation of problems in animal metabo- 
lism, the possibility exists of obtaining a 
variety of isotope-labeled biochemical com 
pounds of high specific activity. As an ex- 
ample, the brain of the developing chick 
might serve as a useful source of tagged 
phospholipids. The specific activity of the 
sought-after compound might be raised by 
increasing the dosage within a safe biolog- 
ical range. 

Finally, it should be emphasized that 
the present data are of preliminary nature, 
and are reported with the intention of 
pointing up the use of this technique in 
future researches. 


SUMMARY 


1) The incorporation of radioactive in- 
organic phosphate into the acid-soluble, 
phospholipid, and nucleoprotein fractions 
of various from newly hatched 
chicks has been studied. 


tissues 


2) The tissues showed an uptake range 
from 2.0 to 4.8 per cent of P** dose per 


gram of tissue, with the following se- 
quence: brain > liver > heart > whole 
blood > gizzard muscle > leg muscle. 

3) Of the tissues studied, the brain ex- 
hibited the highest relative and absolute 
incorporation of P** into the phospholipid 
fraction. 

4) Incorporation of P** into the nucleo- 
protein fraction accounted for at least one- 
half of the total P** uptake by all tissues 
except brain. 
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